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REVIEW AND EXPERIMENTAL TEST OF THE 
STEAM PLANT OF THE 5S. S. /ROQUOIS. 


By W. C. SELDEN, Eso., MEMBER. 


The accompanying review of the steam plant of the Clyde 
Line steamship /roguois by Messrs. King, Powell and Shiebler, 
gives a very complete and accurate showing of the usual work- 
ing conditions. 

The engine is the usual triple-expansion type, with cylinders 
of 23, 36 and 60 inches diameter, and a stroke of 36inches. The 
valves are a piston valve for the high pressure, and slide valves 
for the intermediate and low pressure, all actuated by Stephenson 
link motion. 

The air, feed and bilge pumps are all worked in the usual 
manner by a rock-shaft from the low-pressure crosshead. 

The condenser, which forms part of the engine frame, contains 
a cooling surface of 2,740 square feet, exclusive of the heads. 

The vessel was the first to be built of steel in this country for 
the coasting trade, and was intended to carry passengers and a 
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large cargo on a light draught. While not expected to be re- 
markably fast, she has averaged over her course for the entire 
voyage a speed of 13 knots, but she is chiefly noted for her re- 
markably even running under all circumstances. 

The following are the chief dimensions : 


Length over all, feet and inches. .....cce0 sesscesee covees 

Length between perpendiculars, feet and inches... ea 
Length from forward side of stem to after side of stern manners ‘iat walt tecken. 
Beam extreme, feet and inches....., ...ccese. seeeees sabneege ste Senabtond enbies seesenaye 
Depth from top side of main deck, feet and inches....., ...00 

Mean draught during experiment, feet and inches...... ccccecs cossceees seers 
Area L.W.L. at given draught, square feet........ I ee en Ee 
Area immersed midship section, square feet .......06 ssccscesscecceee soe cocece covees 
Proportion of L.W.L. area to circumscribing parallelogram, per cent......00 
Ate OF GRRRRRS, EF TOGE WH 1g GRICE ceenies sikccen c808ee cocsansdectenstnetes sbepse 
Angle of clearance, 12-foot W.L.., degrees ...cccoce cooccoce soccce soscccces 
Displacement at 12 feet mean draught, tons...... ...ssccree sees ceesceece socseceees 2,950. 
Admiralty coefficient cab bepuean® tevkeb aeitiinth tnieey tests 210.5 
LX* BX DX 0.75 + 100 snide eclakinapteon inks Pek eo eee aiitenetait pee 1,835.4 
ithe Ni cncis eenmamiars uninehe 0 evccccees wie Seawun Gane 14.7 


REVIEW OF THE STEAM PLANT OF THE: STEAMER /ROQUO/S, 
By H. D. Kine, W. B. Powe. Anp A. SHIEBLER. 


In the test described, we have attempted to determine the 
economy of the engines and boilers of the steamer /roguozis, of 
New York, during their operation under the ordinary practical 
conditions of traffic. 


The steamer is one of the largest of the fleet belonging to the 
Clyde Line, carrying both freight and passengers between New 
York, Charleston and Jacksonville. She was built in 1888 by 
The Wm. Cramp & Sons Ship and Engine Building Co., at 
Philadelphia, and is 46 feet beam, 280 feet long between perpen- 
diculars and 292 feet over all, and her tonnage is 2,94335;45 gross, 
or 2,236;3, net register. Her draught is 12 feet to the load-water 
line, and she was designed to carry 265 crew and passengers, 
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and 151,000 cubic feet of freight. She is built practically with- 
out a keel, in order to pass over the bars at the entrance to 
Charleston harbor and the St. Johns River, but is furnished with 
bilge keelsons. Her propeller is 13 feet diameter, having four 
blades of 15 feet pitch, and a shaft of 10? inches diameter. 

The motive power is supplied by a vertical triple-expansion 
engine of modern type with Stephenson's links. The air pump 
and the two feed pumps, as well as a sanitary and a bilge pump, 
are run by a rocker arm from the crosshead of the low-pressure 
cylinder. A plain slide-valve engine drives the centrifugal pump 
which circulates water in the condenser, while an independent 
Sweet “‘ straight-line ” engine is used five hours a day to run the 
dynamo for illuminating purposes. Aside from these, steam is 
also used in the steering engine, in the heater coils and in the 
galley, and occasionally in a duplex pump for general work. 
The steam for these uses is supplied by four horizontal return 
tubular boilers of the prevailing marine type, with two corru- 
gated fire flues in each. These are arranged in plenum, and are 
kept in remarkably good condition, being cleaned almost every 
trip. 

Under fair average conditions, the steamer maintains a speed 
of 12 to 14 knots an hour, and has covered the course from New 
York to Charleston, a distance of 630 miles, in a trifle over 48 
hours. 

Two distinct tests were made, the first on the way from New 
York to Charleston for 45 hours, and the second of 48 hours on 
the return. These tests will be treated separately throughout. 


I, BOILERS. 


The four boilers were equal in size and wese arranged two on 
either side, with a common smoke stack 6 feet 6 inches in 
diameter and 52 feet 4 inches high, measured from the grate 
bars. The boilers were rated for 2,000 I.H.P., running with 
natural draft, and were tested to 240 pounds per square inch, 
but the safety valves were set for 150 pounds, and they seldom 
carry over 140. The dimensions of each boiler are as follows: 
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Length, feet ....ccece eee ronareres 
II FOE Sines: insane niesnens a 
Number of fire flues...... am 


Grate in each flue, feet........... 

Re NR NINE UI oi sive. hcc tn sds ahens antindoen Senved sabeubind ookdiwkeaboues 22.75 
NI i SIN cccshisd cated uaaad acotaiks psbecs canbe onde! dacbliend’ cbacos Suu. cubadabins 146 
Ditamnster of tebes ICIS co ccceses cocnseses covconsce scccetees iaiaraciaile 3 
Length of tubes, feet and inches........sseseeessssceeses seers paednsseducassoodbens fake 8-3} 
Heating surface, square feet ......... cocccveee coves coceece 00 coseecee esecenes cove eocee 1,350 
Combustion chamber, feet........ cccsvescce 3 X 94 X 3 


From the above are found the following totals : 


a iaiiins wescientinans adeeatnas neta neuen’ seanuiian Ubiaee tneiioeiae soedaiuianen 584 
Grate cies, square feet eecescees soenceee iciiled aihihdn tebainesé anctde gianns qieimebinian 182 
Heating surface, square feet......... 

BRAED cccens gnosis enesctane-stos SRN p epee nee errs Lcteahe sharin ceiak (éceloimtrueie . I to 29.4 


FIRST TEST OF BOILERS. 


In testing the boilers, all feed water was passed through a 
3-inch Worthington steel water meter placed between the feed 
pumps and the boilers, the water in the glasses being brought 
to the same level at the beginning and the end of the test. The 
coal was roughly measured by shoveling into a box holding 
about 1,200 pounds, while the ashes were measured in buckets 
as they were sent up to be thrown overboard, each bucket weigh- 
ing 100 pounds, on the average. In connection with the water 
meter, the temperature and pressure of the feed water were also 
taken. The difference in mean pressure between the pump side 
of the meter and the boiler was 4.17 pounds per square inch, due 
in part to bends in the pipe and the check valves, , but mostly to 
the resistance of the water meter. 

The total reading of the meter for the 45-hours test was 
17,795 cubic feet. But when the meter was afterward tested 
by pumping 40 cubic feet of water into a standardized tank, a 
correction of 1.015 was found, which gave the actual water fed 
to the boiler 18,062 cubic feet. From this, we found that the 
meter passed. 6.69 cubic feet of water per minute, which was at 
the velocity of 13.62 feet per minute. 

The temperature of the feed water was raised in the hot well 
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by the exhaust of the circulating engine to an average of 163.15° 
Fahrenheit, as determined in a mercury well near the meter. , 
The average boiler pressure for the run being 137.13 pounds per 
square inch, we found the factor of evaporation to be 1.097308; 
which gave the water evaporated from and at 212° Fahrenheit 
to be 1,207,404 pounds. 

The coal used during: the test filled 101 boxes, giving a total 
of 121,200 pounds. From this, the evaporation per pound of 
coal was found to be 9.96 pounds, which figure is quite high, 
but is undoubtedly quite accurate in view of the remarkably 
clean condition of the boilers and the good quality of coal used, 
which was considerably better than that often used on steam- 
ships. Theash and refuse filled 143 buckets, or a total of 14,300 
pounds, leaving the amount of combustible 106,900 pounds. 
From this figure the evaporation per pound of combustible was 
found to be 11.29 pounds from and at 212° Fahrenheit. The 
quality of the coal is well shown by the low percentage of ash, 
z. €. 11.8 per cent. 

From the dimensions previously given, the coal consumed per 
square foot of grate per hour was found to be 14.8 pounds. The 
evaporation per.square foot of heating surface per hour at the 
actual pressure and temperature of the feed was 4.52 pounds, or 
4.97 pounds from and at 212° Fahrenheit. 

At the standard rating adopted by the American Society of 
Mechanical Engineers, the horse power of the boilers was 777.77, 
much less than that actually developed by the plant; but this 
was easily accounted for by the fact that the engines developed 
a horse power for less than 17, instead of 344 pounds of water. 
It is quite probable that the boilers would develop more than 
their designed rating of 2,000 horse power if, in an emergency, 
they should be forced to their fullest capacity. 

The results developed in the foregoing analysis are summar- 
ized in the following: 


Coed COMIRRROG, POUR <ociiescccs sicecencn sisees snvsossss oobens ebblbedinaenintons 121,200 
Ashes and refuse, POUNGS,...000 cscoccene sosess voces oc00er esesees na cusoeseee cocees 14,300 
Combustible, pounds ...... secese sesssaces seessoee. seoves cebssveee essecsoes sovecesss 106,900 


Percentage of nth and rotate. ..05.< cscscs <sc0senssee8 astetwbee enceceves sbeeusies 11.8 
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Water evaporated, pounds: 
FO costes exter nsenren 1,100, 332.5 
Equivalent from and at 212° 1,207,404. 
BR NI IE UN cnccuitinn distnisoseed beaden cummessabooninnashs cine aotpineasy 9.08 
Per pound of combustible.........-++++«+ ceescecee cocces eooveesse 10.29 
From and at 212°, per pound of coal., inane eeeines woeualsaidamaiian 9.96 
From and at 212°, per pound of cambatibie. <sechuiaisabniiedidahanen II.29 
Per square foot of heating surface per hour.........s0.seeees -sosssees 4.52 
From and at 212°, per square foot of heating otiny: per ich. 4.97 
“Coal burned per square foot of grate, per hour.........see seeseeees soos Ae 14.8 
Rated T.H1.P., A. S. BM. TE. stemdat s.c00s csccescocecs cose 777-77 
ientine sertece. par F.F7-P., Memere Tell. sis nce ccncce sv sconce: céecéacrsescece 3-73 
Same according to A. S. M. E. standard.......00 sesceceee 7.08 


The coal used during both tests was good quality of bitumi- 
nous, coming from Cherry Creek, Pennsylvania; and its good 
composition, which accounts for the rather low percentage of 
ash and refuse above given, is shown by the following chemical 
analysis: 

Ist sample, 2 grams. 2d sample, 1.977 grams. 





Moisture ....00000++ cessecees .035 gr. | 
“ec 


| 
Volatile matter .360 
Carbon .oeceeesecree seveeeeee| W512 “ 75.6 . 1.502 * 75.97 


1.75 percent. | .036 gr. 1.82 per cent. 
3 “ -345 “ec 17.45 “ 


4.65 “ .094 “ 4 76 “ 


2,000 gr. | 100.00 per cent. | 1.977 gr. | 100 00 per cent. 


SECOND TEST OF THE BOILERS. 


During the second test, all measurements of coal, water, and 
ashes were made in the same manner as previously, and all other 
conditions were held as nearly uniform as possible. The prin- 
cipal difference between the two tests was that, during the first, 
the ship rode perfectly even and steady, while during the second, 
she rolled considerably. This made no apparent difference in 
the steaming capacity of the boilers, many of the figures being 
almost identical. Whether a heavy pitching of the vessel would 
have any effect, we were unable to determine, as we had no bad 
weather during the entire trip, but it is doubtful if there would 
be any effect except a trifle due to the greater difficulty of firing. 
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The total reading of the water meter for this test, which lasted 
48 hours, was 19,583 cubic feet, which, when corrected for the 
meter, became 19,876 cubic feet, giving the rate of passing the 
meter as 6.9 cubic feet per minute. The average temperature 
of the feed was 162.7° F., and the average boiler pressure 139.5 
pounds per square inch, the difference between this latter and 
the average pressure on the pump side of the meter showing 
that only 5.5 pounds were required to pass the water through. 
From the pressure and temperature, we found the factor of 
evaporation to be 1.098033, from which the water evaporated 
from and at 212° F. was found to be 1,329,817 pounds. 

The coal used filled the box I11 times, giving a total of 
133,200 pounds, while the ashes and refuse weighed 18,200 
pounds. From these figures it was found that the evaporation 
per pound of coal from and at 212° F. was 9.98 pounds. The 
percentage of ash here is a trifle higher than in the other test, 
being 13.66 per cent. instead of 11.8; but this difference is prob- 
ably due to the greater difficulty in separating the coal from the 
ashes, and it is quite likely that some good fuel was thrown 
overboard and charged to the ash account. 

The coal consumed per square foot of grate surface per hour 
was 15.26; the evaporation per square foot of heating surface 
per hour was 4.67 pounds at the actual pressure and tempera- 
ture of feed, or 5.13 pounds from and at 212° F. The square 
feet of heating surface required for each horse power actually 
was 3.47, and the rating according to the Centennial standard 
was 803.3 H.P. 

The figures of this test are summarized in the following table 
for convenience of comparison : 


Caled GORONIIIT DOU cicinvies dese isees euntin viterwannpiines tgrwbaeinen newienecbile 133,200 
ARNG EE CAINE, POU vincsiies cette cycten secesweditennntins setvetenstia uitieemaes 18,200 
CED, PO iiss cascade cusnne sneed Sew edasecbinceovin eadide.seeedlas eeu 115,000 
emnsinaehits OF nl Ga CU sic xcs sccors sates suns naggsieaceiin hlaldedian 13.66 
Water evaporated, pounds : 
MINI: vciensnidinsn Cha tcnie saliannadasedecs:. auiea Vinsabeeoseconi soueindah akageiabeaipaes 1,211,090 
Wepueennent frome and: Ot SEM oon osc eccne cveccoten consents eneeecens eoeeee 1,329,817 
Per GORING OE CO son an scence e winstnasi'vssose cdvausaonian corsweuesesner eavels 9.09 


Pet Paund OF COMDUBIUIE sci ccecs sossoncee cosces conver esenes sisensqnnsevees <a 10.52 
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From and at 212° per pound of Coal...ceceee seeee. seeeee cebehetnk wxeanbene 9.98 
From and at 212° per pound of combustible. ...... ....cseee cesseceee sense 11.56 
Per square foot of heating surface per hour.. pe esate 4.67 
From and at 212° per square foot of heating whee per hese. a 5-13 
Coal burned per square foot of grate per hour, pounds........ @ sepecece 0 asoeeess 15.26 
Mata T0F.. As Be TE. Te. RIG vrcninice's cxees ssniasces cassccinsesee savece sevens 803.3 
Heating surface per 1.11.P., square 001... 00000000 scovesees socoee sseecccee coceseees 3-47 
Same according to A. S. M. E. standard. ......... .s00 mies aebbeeesencreceeen enened 6.72 


This closes the figures determined during the tests of the 
boilers, which will be further discussed in connection with the 
engines. To illustrate how steadily the boilers performed their 
work, we append extracts from the logs for the two tests, in 
which one feature is particularly noticeable, namely, the gradual 
increase in temperature of the feed going down, and a corres- 
ponding decrease on the return, due no doubt to the differences 
in the temperature of the sea water circulating in the condenser. 


Test No. I. Test No. 2. 


Water Temp. Water | Temp. 


Time. | Pressure. paniamar ie Time. Pressure. cat i 

April 11. April 18. 

S Fe Mh ..cice 126 = 238,835 148.5 12 Noon.... 133 | 269,773 177 
NGS daneekinenss 137 | 239,893 146.5 oP: BR... 140 | 270,480 174 
12 Mid...... 132 240,489 156 We caiesedinad 142 | 271,207 174 

April 12. a 14I | 272,004 169 

O Bi Mc 139 241,240 158 isddasiweus 141 272,837 170 
Sh reccees coveee 140 | 242,027 105 TOQre soccoccee 131 | 273,637 172 

__ Sees 139 §©6. 242,829_—Ss«'61 12 Mid..... 143 | 274,408 176 

ne 138 243,646 165 April 19. 

BO .occces seqeee 138 244,427 160 SA. 4K... 136 | 275,163 174 
12 Noon..... 137 | 245.277. 164 Bink tossteies 140 | 276,000 168 

2 P. M...00 139 246,048 165 _ 140 | 276,834 172 

Biccacsvesed é 138 | 246,862 166 * WSS 141 277,655 175 

Ee 138 | 247,669 163 SRO 140 | 278,496 169 

_ Rl 13 248,480 167 12 Noon... 140 279.343 165 
Wincescaccstic 143 | 249.326 171 oP: Mh... 142 | 280,140 160 
12 Mid...... 131 250,192 174 Gone cosceseee 138 | 280,952 158 

April 13. Oise sovesenes 139 | 281,725 155 

ee ee 140 250,830 170 Dise senctns , 140 | 282,558 154 

i ccinitei Sales 137 251.504 168 BP: cess, kenace 142 283,386 155 

© sevesnece sve 140 252,230 169 12 Mid..... 140 | 284,215 159 

Dindenisencen 135 253.008 165 April 20. 

ESSE 140 253,710 166 3A.M....| 135 | 285.445 152 
12 Noon..... 133. | 254,550 168 Diacicmisidigs 14! 286,620 154 
Sscicacvecsone 140 255,276 169 Darccecsteas 141 287,839 151 


St chkuowseshde 135 256,680 171 12 Noon... 143 289,356 153 


























STEAM PLANT OF THE S.S. /ROQUOJS. 453 


II., ENGINES. 


The engines were tested simultaneously with the boilers, and, 
as before, the two tests will be treated separately. Although 
we have already given a general outline of the distribution of the 
steam, we find a more detailed account of the steam plant need- 
ful in this connection, which may make a few repetitions un- 
avoidable. 

The main engines were of the upright, triple-expansion type, 
arranged longitudinally about amidships, and acting on cranks 
set at angles of 120°. The stroke of each piston was three feet, 
the diameters of the high, intermediate and low-pressure cylin- 
ders being respectively 23, 36 and 60inches. The cut-off in the 
high-pressure cylinder occurred at ? of the stroke, and from 
there the steam was expanded to g} times its volume. At the 
outset, indicator cards were taken at half hour intervals, but this 
‘frequency was soon found needless, and cards were taken hourly 
thereafter. Owing to the fact that the air, bilge, sanitary and 
feed pumps were all operated by a rocker arm directly from the 
low-pressure crosshead, no account of their individual perform- 
ances was needed. 

Aside from the main engines, however, steam was consumed 
for various other purposes which had to be considered. Prin- 
cipal among these was the small vertical slide-valve engine used 
to run the circulating pump, 6X6 inches, in which steam was 
throttled down from full boiler pressure. To determine the 
steam consumed and the power developed in this engine, it was 
indicated hourly. The straight-line engine which drove the 
dynamo was also indicated hourly during its five hours daily 
operation. This was a 12X6,';-inch engine with 6 per cent. 
clearance, the exhaust being led into the condenser of the main 
engines. 

Difficulties arose, however, with those consumers of steam 
which could not be indicated, such as the steering engine and 
the utility pump. In the case of the former, not only was there 
no means of applying an indicator, but there arose a greater 
difficulty in the fact that at one minute the engine was motion- 
less, while in the next it was running at a speed of perhaps 200 
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revolutions. There remained nothing but the barest approxi- 
mation, for which the only data taken were the reduced steam 
pressure and the total number of revolutions. The utility pump 
presented about the same difficulties, as it likewise was not 
tapped for indicators, and was run only at occasional intervals. 
Under these circumstances, the total length of time running, the 
average stroke and an assumed percentage of condensation fur- 
nished the basis for the nearest possible approximation. The 
only remaining consumption of steam was in the radiators and 
in the galley, from which places the condensed steam was re- 
turned to the hot well. No account of this item was taken 
during the first test, but on the second, the pipe was tapped 
where it entered the hot well, and the exhaust was all collected 
and weighed. 

The vacuum for the low-pressure cylinder and the dynamo 
engine was obtained by exhausting into a water-tube surface con- 
denser containing a total surface of 2,740 square feet. Through 
this condenser sea water was circulated by a 30-inch centrifugal 
pump driven as already described, the temperature being raised 
from 57° to 84°. From the condenser the condensed steam was 
returned to the hot well, at a temperature of 125°, being passed 
through a filter box on the way, to free it from oil. In the hot 
well, the temperature of the water was raised to 163° by the 
exhaust from the circulating engine, and from there it was sent 
to the feed pumps to be returned to the boilers. 

Having a general outline of the engine plant now before us, 
we will proceed with the analysis of the tests. 


FIRST TEST OF ENGINES. 


During the first run of 45 hours, the engines performed their 
work with an average of 92} turns per minute. The average 
pressures available from the boilers and in the first and second 
receivers were, respectively, 137.13, 57.29 and 7.75 pounds per 
square inch, while the average vacuum was 25.97 inches of 
mercury. Under these conditions, the horse power developed 
as figured from the average of all the hourly indicator cards for 
the run was 1,448.67, distributed between the three cylinders as 
follows : 
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LE. 
High pressure, ; ; : “ ‘ , ‘ 395-975 
Intermediate pressure, . : a Oy re ; 557.236 
Low pressure, ‘ ; ; , ; , 495.46 
, a eee MS ge 


During the run, however, owing to small differences in the 
conditions, the horse power varied considerably, the highest 
being 1,563, and the lowest 1,144, divided as follows: 





High pressure, . , ; j ‘ 397-335 332.59 

Intermediate pressure, ‘ ; ; 613.454 443.659 

Low pressure, _ . , j ‘ ‘ 552.501 368.334 
Tom, . ‘ ; : 1,563.29 1,144.583 


The average revolutions of the circulating engine were 172.8 
per minute, but the reduced steam pressure under which it 
worked was not taken, as a gauge could not be applied. The 
horse power developed, as measured by the average of all the 
hourly cards, was 3.086. 

The dynamo engine made two 5-hour runs during the test, in 
which the average revolutions were 279 per minute, and the 
reduced steam pressure 80 pounds per square inch. The 
average horse power developed in this case was 13.044, by the 
cards. The engine ran with remarkable regularity under varia- 
tions of load, being regulated by an automatic fly-wheel gover- 
nor. 

The accompanying cards from the different engines are sub- 
mitted as samples, they having as nearly as possible the same 
mean effective pressure as the average for the entire run. It will 
be noticed that the cards from the two ends of the circulating 
engine are entirely dissimilar, and, to say the least, peculiar. 
After considerable study, we decided that the principal fault was 
that the inside lap at one end of the valve and the outside lap at 
the other were too large, and an examination proved that our 
conclusions were well founded. 











456 STEAM PLANT OF THE S.S. /ROQUOJS. 


(Note.—It was discovered, some time after this paper was 
written, that a flaw in the casting of the steam passages allowed 
steam to leak directly through from the steam port of one end 
of the cylinder to the exhaust port, thereby fully explaining the 
peculiar card from one end of the cylinder.) * 

The total water per indicated horse power per hour, making 
no allowances for the water used for auxiliary purposes, was 16.8 
pounds, equivalent to 1.86 pounds of coal per hour. When, 
however, deductions are made for the steam consumed in other 
ways, these figures will be somewhat reduced, and these deduc- 
tions we will now consider. 

Circulating Engine.—Calculation of the water from indicator 
card. 

In the circulating engine, the clearance of the piston was } of 
an inch, which, together with the volume of the ports, deter- 
mined the clearance to be 6 per cent. The revolutions were 184 
per minute, and the cylinder condensation was assumed at 25 
per cent., as the cylinder was small and not jacketed. From 
these figures, the water per revolution was found to be .01667 
pounds from the card given as a sample. This gives the total 
water used by the engine in 45 hours to be 11,042.2 pounds, 
or 59.6 pounds per I.H.P. per hour, which may be a trifle above 
the usual performance of such engines, but which is easily ac- 
counted for by the irregularity of the operation of the engine. 

Dynamo Engine.—Calculation of the water from indicator 
card. 

In this case, the piston clearance was ;%, inch, to which was 
added the volume of the ports, making the total clearance 6 
per cent. The revolutions were 286 per minute, and the cyl- 
inder condensation was assumed at 20 per cent., the engine be- 


ing high speed without a jacket. From the sample card given, 
the water per revolution was calculated as .015064 pounds, giv- 
ing a total for the two 5-hour runs of 3,236.2 pounds. This is 
equivalent to 24.85 pounds of water per I.H.P. per hour, which 
may be a trifle low, caused probably by the short cut-off and the 
fact of its exhausting into the condenser. 
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Steering Engine-—Approximation, by assumptions, of water 
used. 

In the case of the steering engine, there were two cylinders, 
each 5 inches diameter and 6 inches stroke, which made 59,770 
revolutions during the test. The average steam pressure was 32 
pounds per square inch, which was available throughout the 
stroke, as there is ‘no cut-off in this class of engines. Owing to 
the irregularity of action, 50 per cent. was considered a safe 
figure for the cylinder condensation. From these figures the 
water per revolution was determined to be .0598224 pounds, 
which gives 3,575.58 pounds for the entire run. 

Donkey Pump—Approximation, by assumptions, of water 
used. 

This utility pump was a Blake duplex, 12 inches diameter and 
10 stroke, and was run in all 131 minutes to wet down the ashes, 
It ran under about 50 pounds per square inch pressure without 
cut-off, making an average of 25 strokes per minute. The cyl- 
inder condensation was assumed at 60 per cent. on. account of 
its slow operation. From these figures the water per revolution 
was found to be nearly one pound, equal to 3,250 pounds for 
the whole time. 

Heater Coils—During the test, no account was taken of the 
steam used in these devices, and so no substantial allowance can 
be made. We will omit it in this case, and consider it only in 
the second test, it being insignificant at best. 

Summary.—Having made allowance for the steam used in all 
the various auxiliary appliances, the steam actually used by the 
main engines was found to be 1,079,228.5 pounds, as follows: 


Circulating engine, pounds, . ; , : 11,042.2 
Dynamo engine, pounds, .. ; . ‘ 3,236.2 
Steering engine, pounds, ... ‘ ; : 3,575-58 
Donkey pump, . phate Kee ‘ ; ‘ 3,250. 
Total allowances, pounds, ; ; , 21,104. 
Water actually evaporated, pounds, . : . _1,100,332.5 


Water used by main engines, pounds, ‘ .  1,079,228.5 
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From this figure the water per indicated horse power per hour 
was found to be 16.5 pounds, an equivalent of 1.81 pounds of 
coal per hour. 


SECOND TEST OF ENGINES. 


It may, perhaps, save needless repetition to state at the outset 
of this discussion that this test was conducted exactly as -the 
previous one wa, and that throughout the calculationsthe same 
assumptions have been made and the same methods of deduction 
followed. 

The average indicated horse power during this test of 48 
hours was larger than before, being 1,557, distributed according 
to a in the following table. The average pressures in the boiler, 
and the first and second receivers were, respectively, 139.5, 59.77, 
and 8.23 pounds per square inch, while the average vacuum was 
25.76 inches of mercury. The average revolutions were almost 
identical, being in this case 92.4. The highest horse power 
developed during the run was 1,673, while the lowest was 1,401, 
as follows : 





a | b | c 
Piigh pressure, . . . .| 425.675 | 456.388 | 369.915 
Intermediate pressure, . . 593-339 | 633.629 | 548.092 
Low pressure, . . . «| 542.174] 583.196 | 482.993 
Total, . . . ~. «| 1,557.188 | 1,673.213 | 1,401. 


The average revolutions of the circulating pump were 205.17, 
which produced a horse power of 4.638, more work being re- 
quired on account of the higher temperature of the sea water. 
During the two runs of the dynamo engine, the average pressure 
was a trifle higher, being 83.6 pounds per square inch, while the 
revolutions were 276 per minute. The average horse power 
developed was 12.207. The cards submitted are samples, hav- 
ing been selected, as before, for their near approach to the aver- 
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ages. The same curious features will be noticed in the cards 
of the circulating engine. While the steamer was in port at 
Jacksonville, an attempt had been made, to remedy this defect 
by re-setting the valve, but the cards taken on this run showed 
that something else was the matter, as we have already explained. 

During this test, the water per indicated horse power per hour 
without allowances was 16.2 pounds, equivalent to 1.78 pounds 
of coal. The allowances for the auxiliary engines were figured 
as before, with the following results. 

Circulating Engine.—Calculation of the water from indicator 
card, 

The water per revolution was .01859 pounds, and the revolu- 
tions being 214, the total amount of water used, allowing 25 per 
cent. condensation, was 15,276.5 during the test. 

Dynamo Engine.—Calculation of the water from indicator 
card. 

In the case of our sample card for this engine, the revolutions 
were 277 per minute, and the water per revolution was .0156 
pounds, giving a total of 3,240.9 pounds for the test with 20 per 
cent. condensation. 

Steering Engine.—Approximation, by assumptions, of water 
used. 

The total number of revolutions made during this test was 
97,957, and the average steam pressure 43 pounds per square 
inch, from which the total water was calculated as 7,137.68 
pounds. 

Donkey Pump.—Approximation, by assumptions, of water 
used. 

The donkey during this test was only run for 53 minutes, 
which gives the total water consumed in this way as only 
1,324.22 pounds. 

Fleater Cotls.—Water used, as actually measured. 

During this test all the steam used in heating the ship was 
drawn off into a large can, instead of being run into the hot well, 
and was thereby measured. This can full of water weighed 85 
pounds net, and was filled 304 times during the run, giving a 
total of 2,592.5 pounds of water. 











460 STEAM PLANT OF THE S.S. /ROQUOIS. 


Summary.—The aggregate of all these allowances gives the 
actual water used by the main engine as follows: 


Circulating engine, pounds, . : . 15,276.5 
Dynamo engine, pounds, 3,240.9 
Steering engine, pounds, . i ; 7,137.68 
Heater coils, pounds, 2,592.5 
Donkey pump, pounds, 1,324.22 
Total allowances, pounds, ; ‘ 29,571.8 
Water actually evaporated, pounds, . 1,211,090. 


Water actually used by main engine, 
pounds, . , ; . « 58,381,518.2 
From this figure the water per indicated horse power per hour 
was found to be 15.8 pounds, equal to 1.74 pounds of coal. 


III. EFFICIENCIES. 


For the determination of the heat units contained in the Cherry 
Creek coal which was burned during the foregoing tests, we are 
indebted to Messrs. Waefelaer and Vidal, who kindly analyzed 
a couple of samples with Dr. Ferdinand Fischer’s calorimeter. 
The following figures are given as they were furnished to us by 
these gentlemen : 


ee 3S ee 2. mg. None 

Pree hydrogen, . . . . 1.2 mg. 2.2 mg. 
Condensed water, .. . 198. mg. 103. mg. 
Se ‘pe A 16. mg. 25. mg. 
Initial temperature, are a Sa oS sags’ * <. 
Final temperature, . . . 26.1° t a 
EE ee PX in © ov a 
Ash, per cent., ; 3.95 4. 

Total heat units, B.T.U., ; 13,592.07 | 13,744.89 


Pounds of water which would 
be evaporated from and at 
awa ee ee 14.07 14.22 
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Or taking an average of the results for the two samples, they 
find that the coal contained 13,668.48 B.T.U., which, if all utilized, 
would evaporate 14.14 pounds of water from and at 212°. 

From the foregoing figures we may now compute the efficiency 
of the boilers, by comparing the actual evaporation from and at 
212°, which was 9.97 pounds for the two tests, with the water 
which would have been evaporated if all the heat in the coal had 
been utilized. From this the efficiency of the boilers was found 
to be 70.5 per cent. 

The efficiency of the plant (engines and boilers combined) is 
the thermal equivalent of the work done by one horse power in 
one hour divided by the heat of combustion of the coal burned 
per hour per indicated horse power. The former quantity as 
usually employed by engineers is 2,564.7, being derived on the 
basis of 772 foot pounds per heat unit. For the latter quantity, 
we have already determined the coal burned per hour per horse 
power in each test, which, when multiplied by the heat units per 
pound, gives the figure required. The efficiency of the plant 
was determined to be 10.3 per cent. in the first test, and 10.7 
in the second; or an average efficiency of 10.5 per cent. 

Dividing this latter figure by the efficiency of the boilers, the 
efficiency of the steam is found to be 14.6 per cent. and 15.7 
per cent. in the two tests respectively. 

Unfortunately, the efficiency of the engines alone could not be 
determined, as there was no available means of running the en- 
gines without load, so as to determine the power absorbed by 
friction. We regret that we are, therefore, forced to conclude 
this analysis without that figure. 

Under the heading of efficiency, the slip of the screw might 
also be placed, although it is hardly to be termed an efficiency, 
Since the pitch of the propeller was 15 feet, the revolutions for 
24 hours during the first test showed a distance traversed of 328 
nautical miles. During the same time the log showed an actual 
distance of 300 miles, from which the slip was determined as 8} 
per cent. During a 27-hour run on the return test, the appa- 
rent slip was found to be Ig per cent., the increase being due to 
head winds and possibly to disadvantageous currents. 


82 
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We have also to regret that our inability to secure or accu- 
rately determine the clearances of the main engine, has prevented 
us from properly concluding the analysis of the engines by pre- 
senting some compound cards with the interesting deductions 
arising therefrom. 

IV. ELECTRIC PLANT. 


The electric plant for the illumination of the vessel consisted 
of a Weston 200-light, shunt-wound incandescent dynamo, in- 
tended to develop 110 volts, which was driven by the Sweet 
straight-line engine already mentioned. Under ordinary circum- 
stances, about 162 lamps were in use, requiring .44 amperes 
each. The current varied from 68 to 76 amperes, while the volt- 
age ranged from g2 to 954. Doubtless this drop in potential 
below the rating given above was due to the fact that the 
dynamo was not run up to speed, the revolutions being about 
850 instead of the requisite 1,200 per minute. Under a load of 
125 lamps the voltage rose to 110. The plant was operated 
five hours daily, and was separately tested during the return 
run from Jacksonville to Charleston. 

Readings of the revolutions of the engine, amperes, and volt- 
age were taken every I5 minutes, together with cards from the 
engine. The results are given in the following log: 





| | 

Time. | Revs. | Amperes. | Volts. | Time. Revs. | Amperes. 
l 

I 
6.45 280 95. |I 8.45 | 274 | 
7.00 | 276 | 94-5 | 9.00 270 
7-15 274 | 94. | 9.15 284 | 
7.30 268 93- | 9.30 266 | 
| 

| 

| 





7.45 270 | 92. 9.45 280 
8.00 278 92. 10.00 284 
8.15 | 276 95- 10.15 270 
8.30 | 268 | 94. 





Average | 274-53 | 








The engine ran under a constant steam pressure of 87 pounds 
per square inch, and developed 11.466 horse power figured from 
the average of all the cards. The friction of the engine and 
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dynamo was ascertained, by taking cards with the circuit broken, 
to be 1.818 horse power. Owing to the inaccessibility of the 
mechanism, the dynamo could not be cut off so as to ascertain 
the friction of the engine alone. 

From the figures given by the above averages, the product of 
the volts and amperes gave 6,737.445 watts, or 9.031 electrical 
horse power. The net horse power, excluding friction, being 
9.648, there remains a loss of .617 horse power due to hysteresis, 
etc. The efficiency of the mechanism was found, therefore, to 
be 78.7 per cent. 

Nore.—The drop in potential due to the dynamo not turning 
up to speed was accounted for, in part at least, by the slip of the 
belt from the engine to the dynamo. This was determined by 
taking simultaneous readings of the revolutions of each, the 
averages of which were 270 and 844.23 for the engine and 
dynamo respectively. The pulleys were 52 and 16 inches in 
diameter, from which figures the slip of the belt was determined 
to be 3.92 per cent. 

Conclusion.—The plant, as a whole, is well adapted to the 
work it has to perform, and each individual part works with 
fairly good economy. A few minor details might be altered to 
increase the economy, but the improvements would be but a trifle 
compared with the whole. The improvement of the circulating 
engine, the defect in which we have already pointed out, has 
been effected. 

We had hoped to obtain the theoretical horse power of the 
boat, but we regret that we have been unable to obtain either 
the lines or the augmented surface. 

In conclusion, we desire to express our thanks to the en- 
gineer of the line, the chief engineer of the steamer, and to the 
general managers of the company for their kindness and cour- 
tesy in affording us the opportunity to make the test, and in 
aiding in every way in our work. 
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THE QUALITIES AND PERFORMANCES OF RECENT 
FIRST-CLASS BATTLESHIPS. 


By Me. W. H. Wurre. C. B..LE. BD... F.. 8. S. 


[ Read before the Institution of Naval Architects, 1894.] 


Five years ago I read before this Institution a paper “On the 
Designs for the New Battleships,” which were then about to be 
laid down under the provisions of the Naval Defense Act. Con- 
siderable public interest was shown in that paper, and in the 
discussion which followed, as was natural under the circum- 
stances. Eight ships were to be built exceeding in dimensions 
any vessels previously constructed for the Royal Navy, and there 
were differences of opinion respecting the features of offense and 
defense embodied in the designs, as well as the policy of build- 
ing vessels of such large dimensions and cost. 

It is not my intention in the present communication to revive 
past controversies. The ships have been built, five of them are 
already in commission, one has been on active service since 
May, 1892, and the remaining three will be ready for service this 
month, when the five years end which were contemplated in the 
Act of 1889. My wish is to place before the Institution certain 
facts of professional interest in relation to the qualities and per- 
formances of the completed ships, and incidentally to compare 
the intentions of the designs with the results obtained in the fin- 
ished ships. 

Seven of the ships are of the barbette type, with high free- 
board throughout the length, carrying their 67-ton guns about 
23 feet above water. The Royal Sovereign is the typical vessel 
in this group which will be most frequently mentioned, as she 
was first completed, and has been nearly two years in commis- 
sion. Two others of the class were built in the dockyards, and 
four by private firms. The machinery for the three dockyard 
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ships was supplied by one firm. For the contract-built ships the 
firms supplied machinery as well as ships. One design and 
specification served for the seven vessels, so far as hull and fit- 
tings wereconcerned. For propelling machinery there were four 
designs, all practically governed by the same conditions for 
weight, space and development of power on the contractors’ 
trials. 

The eighth ship (the Hood) is of the turret type, with mod- 
erate freeboard at the ends, over which the heavy guns deliver 
their fire. Those guns are about 17 feet above water. In the 
remaining features the Hood resembles the barbette ships, and 
her machinery was supplied by the same firm which undertook 
the corresponding work for the other dock-yard built ships. 

Without further preface I will pass on to a statemeént of facts 
in regard to the ships as completed. 

1. Draught and Trim.—-The designed mean draught, with all 
authorized weights, and goo tons of coal on board, was 27 feet 
6 inches ; the designed trim was I foot by the stern. A “ Board 
margin,” or unappropriated weight, of about 500 tons was in- 
cluded in the load, to be carried at the designed draught. Dur- 
ing construction various additions were made to the hull, equip- 
ment and machinery, amounting in the aggregate to about 250 
tons, the corresponding weight, with Board approval, being 
taken out of the margin. 

When the Royal Sovereign was completed, a careful investiga- 
tion was made, and it was found that at the designed mean 
draught she could carry 1,100 tons of coal, with all other au- 
thorized weights on board. In other words, the intentions of the 
design were fully realized, and 1,100 tons of coal could be carried 
instead of goo tons, on the specified draught. The ship in this 
condition was also to her designed trim. 

Similar results have been obtained in the sister ships built in 
the dockyards. As might be anticipated, there are some differ- 
ences in weights between the sister ships built in different yards, 
and engined by differeyt firms, but in no case is there any de- 
parture worth mentioning ‘from the intentions of the design as 
regards draught and trim. 
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This is very satisfactory, having regard to the great sizes of 
the ships, and their many novel features. In the completed 
ships, certain additions have been made to the complements and 
consumable stores, as originally proposed. For example, the 
coal supply at normal draught was first fixed at goo tons, with a 
bunker capacity of about 1,100 tons. The “wing spaces” abreast 
the bunkers proper were so constructed that they could be used 
as “reserve bunkers” if occasion arose, but it was not then con- 
templated to fill these spaces ordinarily. After experience in the 
Royal Sovereign, it has been decided to carry the full weight of 
coal when leaving port, so that about 1,450 tons of coal are 
available. Of course, the draught at starting is correspondingly 
increased. 

Another alteration in practice subsequent to the design is the 
introduction of “ reserves of feed water” forthe boilers. Certain 
compartments in the double bottom have been utilized for the 
purpose, and from 130 tons to 160 tons of fresh water are carried 
at starting. In addition, the vessels have powerful evaporating 
plant. 

For each additional inch immersion in these ships at load 
draught the increased displacement is about 55 tons, so that the 
extra coal and fresh water involves about 1 foot increase in 
draught. With their considerable freeboard and reserve of 
buoyancy this is of no importance, and in their fully laden con- 
dition, with bunkers full, the defensive powers are greatly in- 
creased. 

2. Stability: Metacentric Height.—The determination of appro- 
priate conditions of stability for these large ships was a matter 
of the most anxious consideration during the preparation of the 
designs. 

One had to deal with circumstances in many ways unprece- 
dented, particularly in regard to the loads of armor and arma- 
ment, and the heights of the heavy guns and their protecting 
barbettes. It was recognized that these weights and their dis- 
tribution would give the ships unusually large “ moments of 


inertia,” thus tending to long periods of oscillation, even if a 
good “ metacentric height” was provided. 
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In regard to the metacentric height, it had to be kept in view 
that provision must be made, not merely for possible variations 
in stiffness occurring on service, and for sufficient “ stiffness” 
when rapidly manceuvring, but for reductions in stiffness arising 
from damage inaction. Here entered the consideration of the 
system of hull armor adopted, which gave a much greater pro- 
tected area on the broadside—including the water-line belt and 
the lightly armored citadel standing on the belt deck—than had 
been possessed by many preceding classes in the Royal Navy, 
or was proposed for the most recent battle-ships in some foreign 
fleets. 

An unduly large metacentric height was undesirable, of course, 
tending to lessen the periods of oscillation, and to produce un- 
steadiness of platform under ordinary conditions at sea. A small 
metacentric height, while it would have lengthened the period 
and conduced to steadiness, might have involved a lack of stiff- 
ness for rapid manceuvring of the ships, or for training their 
heavy guns on one broadside. If reduction in metacentric 
height had been carried too far, there would have been an undue 
reduction in the margin for possible damage in action. In exist- 
ing ships examples are to be found of the evils attaching to either 
of these extremes in metacentric heights. 

Moreover, I had to deal with an “unappropriated weight” of 
over 500 tons, and it was quite uncertain in what vertical posi- 
tion this might finally be placed, but judging by past experience 
the probability was it would be added in upper weights of addi- 
tional armor or armament, boats and equipment. 

Finally, I decided to aim at a metacentric height of about 34 
feet for the barbette ships when in normal load condition at the 
mean draught of 27} feet with goo tons of coal on board. Past 
experience had shown that in ships of much less size and inertia, 
an excellent combination of stiffness and steadiness had been 
obtained by the adoption of metacentric heights varying from 23 
feet to 34 feet. In the new ships, having regard to their greater 
size and inertia, it was obvious that with a metacentric height of 
3} feet, the period of oscillation should be at least as great as, 
and would possibly exceed, the corresponding periods for their 
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predecessors whose reputation for steadiness was so great. The 
Hercules, Sultan, Inconstant, Monarch and /nvincible were amongst 
the vessels considered, as well as some foreign ships with equal 
reputations for steadiness at sea. 

The loads of consumable stores in the new ships were so con- 
siderable that special care was necessary in disposing them, so 
that the variations in the trim and stiffness produced by the con- 
sumption of these stores might be minimized. The range of 
draught between the deep-load condition and the ordinary light 
condition is 3 feet, corresponding to a change of nearly 2,000 
tons in displacement. By suitable arrangements it was made 
possible for the ships to pass from the normal condition to the 
extreme light condition, with practically no change in metacen- 
tric height. 

When the full weight of coal (1,450 tons) is carried, since the 
reserve wing bunkers are low down, the metacentric height is 
increased to about 3? feet. The addition of the reserve feed in 
the lower compartments of the double bottom (made, as explained 
above, subsequently to the date of the design) involves a further 
increase in stiffness, bringing the metacentric height up to 4 feet, 
when wing bunkers, as well as ordinary bunkers, are full. This 
maximum stiffness may be decreased, of course, as coal and fresh 
water are consumed. It is interesting to add that it equals the 
metacentric height of the Minotaur class, which have good repu- 
tations for behavior at sea, and are of much less inertia. 

The practical constancy in stiffness obtained in the Royal 
Sovereign class, apart from reserve bunkers and feed water, is in 
marked contrast to what was formerly common in armored 
ships where the coal was carried low down. For example, in 
the Hercules the metacentric height varied from 1.9 feet when 
light, to 2.7 feet when fully laden, and in the Devastation the cor- 
responding variation was from 2.5 feet to 3.7 feet. 

Inclining experiments were made on the Royal Sovereign and 
the Ramillies (contract built) to check the design calculations. 
In the Royal Sovereign the actual position of the center of 
gravity was found to be .15 feet (1? inch) below the calculated 


position. In the Ramillics, owing to heavier machinery, it was 
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about 4 inches below the calculated position. This close agree- 
ment between estimated and actual position was most satisfac- 
tory, and it was decided to be unnecessary to incline any more 
of the barbette ships. The turret ship Hood was also inclined 
with satisfactory results. 

Members of the Institution will understand that the satisfactory 
solution of this problem was not an easy matter. On all sides 
there were limiting conditions. The features of armor, arma- 
ment, freeboard and height of guns decided upon for the class, 
practically regulated the distribution of the principal weights in 
a vertical sense, and governed the vertical position of the center 
of gravity. The dimensions and forms of existing docks had to 
be considered, beam and draught could not be permitted to ex- 
ceed certain maximum values. For manceuvring purposes the 
length had to be kept within reasonable limits. Stability had to 
be secured in association with a form adapted for high speed. 
This, I am happy to say, has been accomplished. 

Some critics of warship designs entirely fail to recognize the 
part which stability plays in the selection of forms and propor- 
tions. They do not appreciate the radically different vertical 
distribution of weights in warships as compared with merchant 
ships. Consequently they suggest the adoption of cross-sec- 
tional forms and proportions of beam to draught and depth which 
would utterly fail to provide sufficient stiffness in warships. 
Should effect ever be given to their views in actual ships, the 
result would be disastrous. There is, however, no risk in that 
direction, for closer scrutiny and exact calculation would disclose 
the danger. 

There is usually behind these suggestions some idea of pos- 
sible advantage to be gained ina particular direction. For ex- 
ample, a favorite view is that a flatter floor, sharper bilge, and 
nearly vertical side above the bilge, would give greater displace- 
ment, in proportion to wetted surface, than the rounder bilge 
usual in warships. This is quite true. Further, I have seen it 
stated that the alternative form would increase resistance to roll- 
ing, and give greater steadiness than the actual sectional form of 


our battleships. This is a matter of opinion. I will not enter 
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upon its discussion now, but will only remark that, in my judg- 
ment, an altogether exaggerated value is attached in some quar- 
ters to the influence of sectional form in the central portions of 
the length upon rolling. One of the roundest forms of midship 
section ever adopted is that of the Su/tan, and she has proved 
herself one of the steadiest ships afloat. Moreover, ease of roll- 
ing motion is a matter that must not be ignored, and in that re- 
spect the rounder form has distinct advantages. What is most 
important to note, however, is that such changes in cross-sec- 
tional form lower the metacenter and diminish stability. 

For purposes of information only, Fig. 1 has been drawn, show- 
ing the comparative forms of midship section in the Royal Sov- 
ereign, a large ocean steamer of high speed, and the Sw/tan. 

3. Curves of Statical Stability—tIn Fig. 2 are given the curves 
of stability for the Royal Sovereign in various conditions. They 
are of an entirely satisfactory character. The maximum right- 
ing moment occurs at an inclination to the vertical of 37 degrees ; 
the maximum value of the arm of the righting couple is 24 feet, 
and the range of stability is over 60 degrees. 

Apart from the heave and impulse of the sea, the only inclin- 
ing forces to which these ships, which have no sails, can be sub- 
jected are those when the vessels are turning rapidly, and those 
arising from wind pressure. Neither are of any practical import- 
ance. Turning trials show the ships to heel very little. Ifa 
wind having a velocity of 75 miles an hour acted directly on the 
whole broadside, the angle of steady heel would not exceed 4 
degrees, and would probably be less. 

Figs. 3 and 4 contain curves of stability for two typical ships 
which have had long and successful experience at sea. These 
afford an interesting comparison with Fig. 2. 

Fig. 3 shows the curves for the Monarch as she has hitherto 
served, with good sail power supplementing steam. It is inter- 
esting to note the diminution of stability in the light condition. 
Her sail equipment, of course, involved much more serious 
demands upon her stability than would have been made had 
sails been absent: But that matter was so fully discussed for the 
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Monarch after the loss of the Cap/ain that further remarks are 
unnecessary. 

Fig. 4 shows the corresponding curves for the Devastation 
class of the Royal Navy. These vessels have no sails. Here 
the moderate freeboard, when fully laden, tends to lessened 
stability. As the ship lightens, although there is a loss of 
metacentric height, the gain of freeboard nearly counterbal- 
ances it. 

Fig. 5 has been constructed for the load conditions of the 
Royal Sovereign, Monarch and Devastation, the ordinates repre- 
senting righting moments (not arms of righting couples). Here 
the greater weight of the Royal Sovereign tells as compared with 
the other two ships. 

Fig. 6 has been constructed for the light conditions of the 
three ships, also to show righting moments. 

As against external forces, such as wind pressure, Figs. 5 to 
6 are useful means of comparison. Under wave impulse Figs. 
2 and 4 are to be preferred. 

4. Period of Oscillation. 
have yet been made on the Royal Sovereign class. From obser- 
vations at sea, however, it appears that the period for a complete 
oscillation (double swing) is from 15 secondsto 16 seconds. The 
time for a single swing—port to starboard, or vice versa—is 7} 
seconds to 8 seconds. Variations in stiffness due to alterations 
in lading, of course, affect the period; but with normal weights, 
and 34 feet metacentric height, the period of oscillation is about 
8 seconds. As above stated, this result was anticipated at the 
time the designs were prepared, and it brings the Royal Sover- 
eign class, so far as period is concerned, into practical agreement 
with a number of ships which have great reputations for steadi- 
ness. Most of these ships have smaller metacentric heights than 
the Royal Sovereign, but they are also inferior in weight and 
moment of inertia. 

Some persons, in discussing the behavior of the Royal Sover- 
eign class, have dwelt upon their relatively large metacentric 
heights, but failed to remark their great moments of inertia. 
Both are counted into the period of oscillation, and that is the 
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best standard of comparison. The reasons for the selection of 
the metacentric height actually possessed by the Royal Sover- 
eign class have been stated above. 

5. Bilge Keels—In this connection reference may be made to 
the reasons which led to the decision not to fit bilge keels to 
the Royal Sovereign class during construction. No one has 
more strenuously urged the utility of bilge keels than myself. 
But while it is undoubted that they can never do harm, and in 
many cases may do great good in limiting rolling, their influ- 
ence varies under different circumstances. In small ships of 
quick period, and in ships of moderate weight and moment of 
inertia, they are likely to prove most beneficial. In slow-moving 
ships of great inertia the influence of bilge keels must clearly be 
less felt, and may be very small. That influence depends upon 
the area of the keels, their radial distance from the axis of rota- 
tion, and their rate of motion through the water, which rate is 
governed by the arc of oscillation and the period of the oscilla- 
tion. Since, within considerable limits of oscillation, ships are 
practically isochronous in their motions, the mean rate of motion 
of bilge keels through the water varies with the arc of oscilla- 
tion. In other words, fluid resistance to the motion of the bilge 
keels has a small value and moment about the axis of rotation 
in a slow-moving ship until considerable angles of oscillation 
are reached. 

Moreover, with a given moment about the axis of rotation of 
fluid resistance to the motion of bilge keels, the check put upon 
the rolling of a ship to which they are attached depends upon 
the weight, the stiffness, and the moment of inertia of the ship. 
It may happen, therefore, in large slow-moving ships that the 
influence of the largest practicable bilge keels will be scarcely 
felt until considerable angles of rolling are reached. 

This appeared to be the case in the Royal Sovereign class, and 
it was, therefore, decided not to fit bilge keels at the outset, until 
experience had been gained at sea with the ships. In thus de- 
ciding, the fact was kept in view that two vessels of exceptional 


steadiness, the Hercules and the Su/tan, were practically without 
bilge keels, the side keels being very shallow in depth. More- 
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over, it was obvious that if bilge keels could be omitted, it would 
greatly facilitate docking the ships. 

As an experiment, bilge keels have now been fitted to the Re- 
pulse, and she will be tried in company with other ships of the 
class. Provided that these trials are made under the same con- 
ditions of lading in all the ships, the results will be very valu- 
able. Should the keels prove sensibly advantageous, they can 
easily be added to the sister ships. 

It is unnecessary to repeat what has been said above with ref- 
erence to the supposed influence of cross-sectional forms upon 
resistance to rolling. The analysis of a large number of rolling 
experiments on ships of very different cross-sectional form has 
shown that the portion of the resistance contributed by the mid- 
ship parts of the length is small when compared with those por- 
tions of the resistance due to the deadwoods and flat surfaces, 
while surface disturbance greatly exceeds both of these factors. 

One remark may be added. In recent years the battleships of 
the Royal Navy have, for the most part, been constructed with 
low ends. Hence moderate angles of rolling immerse the edges 
of the low decks and greatly increase resistance to rolling. 
There can be no question but that this deck resistance is a 
valuable feature in limiting oscillation under many circum- 
stances. 

In high-freeboard vessels of the Royal Sovereign class there is 
no corresponding element of resistance to rolling. On the other 
hand, the high freeboard and great height of guns increases 
fighting efficiency, the power of maintaining speed in rough 
water, and comfort to all on board. Under circumstances when 
the low-freeboard ships have to be battened down, or when they 
can fight their guns with difficulty, the high-freeboard ships 
suffer from no similar drawbacks. 

6. Behavior at Sea.—Experience at sea with the new battle- 
ships has been very limited, except in the case of the Royal 
Sovereign, which was commissioned in May, 1892, as flagship of 
the Channel Squadron. The sister ships, Empress of /ndia and 
Resolution, were commissioned for service with that squadron in 
September and December last. The turret ship Hood joined the 
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Mediterranean Fleet in June, 1893, and the Ramiillies became the 
flagship on that station in October; but except on the passage 
out these ships have not had experience in the Atlantic. It is 
to the Royal Sovereign, therefore, that one must turn for infor- 
mation as to behavior over any considerable period. Apart 
from long-continued experience under various conditions of wind 
and sea, no fair appreciation is possible of the true qualities of 
any ship or class. I propose, therefore, to briefly summarize the 
facts for the Royal Sovereign, and subsequently to deal with the 
case of the Resolution, which was so much before the public in 
January last. 

It will be convenient here to recapitulate the broad conclu- 
sions in regard to the rolling of ships, which have been estab- 
lished by theoretical investigation, and confirmed by experiment 
and observation during the thirty-four years that have elapsed 
since the late Mr. W. Froude brought his new theory before 
this Institution. 

1. The behavior of a ship depends chiefly upon the ‘ratio of 
her period of oscillation to the apparent period of the waves 
which produce rolling. 

2. The slope of the waves, their ratio of height to length, is 
an important factor in the rate of accumulation of rolling and 
its maximum amplitude. 

3. The resistance offered by water to the rolling motions of 
ships is most influential in limiting rolling, and any means avail- 
able for increasing that resistance and the “rate of extinction” of 
rolling must be beneficial. 

4. For any ship the condition tending to produce the heaviest 
rolling is that when the waves pass her at a rate which synchro- 
nizes with her natural period of oscillation in still water. Apart 
from the action of resistance, the successive impulse of a regular 
series of synchronizing waves would increase the amplitude of 
the oscillations so readily that any ship must be capsized in a 
very short time. 

5. Every ship, no matter what her size and period of oscilla- 
tion, is liable to this condition of synchronism. It may occur 
with a beam sea of period identical with her own, or it may 
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result from the course and speed being such as to produce syn- 
chronism with waves of dissimilar period. In fact, allowing for 
the infinitely varied conditions of sea necessarily encountered, 
no ship can altogether escape from heavy rolling. 

6. Experience has confirmed the deduction from mathemati- 
cal investigation that ships which are slowest in their still-water 
oscillations, as a rule, are steadiest at sea. 

7. For slow-moving ships, of long still-water periods, the con- 
dition of synchronism is sometimes reached in a long and very 
low swell, with practically no wind. This swell results from 
waves which have traveled long distances, from the storm re- 
gion in which they were formed, and in transit have been greatly 
degraded in height, while retaining considerable length and 
period. 

8. When rolling is set up in ships by the passage of waves, it 
may be anticipated that the heavier ships, with greater moments 
of inertia, will accumulate the largest angles of oscillation. 

This is really understood, apart from mathematical demonstra- 
tion. Each wave as it passes tends to increase the oscillation, 
and the increment is dependent upon the wave slope, while it is 
little influenced by the size or weight of the ship (usually her 
breadth) presented to the wave advance. On the other hand, the 
effect of water resistance in limiting oscillation depends, as pre- 
viously explained, upon the relation of its moment about the axis 
of rotation to the righting moment and moment of inertia of the 
ship. That is to say, the moment of the water resistance be- 
comes relatively less as the weights and inertia of ships increase, 
and consequently in two ships of identical period exposed to the 
same waves (say, synchronizing in period, or nearly so) the larger 
ship of greater inertia will reach larger angles of oscillation. 

Bearing in mind these conclusions from long experience, we 
may pass to the summary of facts respecting the actual behavior 
at sea of the Royal Sovereign. 

During the first eight months the ship was on service there 
was no report in regard to her rolling, and the only statement in 
regard to her behavior was to the effect that off the coast of Ire- 
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land, in the Atlantic swell, she had compared very favorably with 
vessels of the Admiral class. 

In January, 1893, during a passage from Plymouth to Vigo, 
the ship encountered a long, low swell, which set her rolling, 
and in the cruise which followed, to Madeira and back, very 
similar conditions prevailed. The striking feature in this case, 
which naturally attracted great attention, was that so large a ship 
should be set rolling by what would ordinarily be treated as a 
smooth sea, when smaller ships of less period were practically 
unaffected. Careful observations were made of the character of 
the swell which produced these results. It was found that with 
lengths varying from 450 feet to 700 feet were associated heights 
varying from 6 feet to 12 feet, and it became obvious that these 
waves were so related in period to the period of the Royal Sov- 
ereign that rolling necessarily resulted, while ships of less period 
remained steady. This was no new phenomenon, as I will ex- 
plain hereafter. 

The actual angles of rolling on this occasion were not con- 
siderable, as the following summary of observations will show: 


INCLINATIONS ON EACH SIDE OF VERTICAL. 


Mean. Maximum, 

Degrees. Degrees. 
January 18, 1893, : ; ; 4.6 9 
January 19, 1893, ; , : 8.5 13.5 
January 20, 1893, ‘ ; ‘ 2 4.5 
February I1, 1893, ; . ; 8.5 16 
February 12, 1893, . ; j 7 II 


It will be understood, of course, that the maximum angles of 
inclination only occurred at intervals, the rolling passing through 
“phases ;” mean inclinations are the fairer measures of average 
behavior. 

After this cruise under the conditions described, no further 
reports of rolling were received until the end of December, 
1893. The squadron was then proceeding from Gibraltar to 
Arosa Bay, and encountered a heavy swell, in perfectly fine 
weather, with an otherwise smooth sea. The apparent period of 
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the waves was found to vary from 13 seconds to 15 seconds; 
the period of. oscillation of the Royal Sovereign class (double- 
swing) being 15 seconds to 16 seconds. The lengths were esti- 
mated at 650 feet to 960 feet, and the heights at 10 feet to 15 
feet. In this case, therefore, there was a close approach to 
synchronism in the periods of the waves and the big ships, the 
Empress of India being in company; while the quicker-moving 
ships were more advantageously situated. In the following 
table are given a set of simultaneous observations for the ships 
of the squadron: 


INCLINATIONS ON EACH SIDE OF THE VERTICAL. 


Mean. Maximum. 
Degrees. Degrees. 
Royal Sovereign, ; , ; ; 7 "11.5 
Empress of India, . ‘ . ; 5.9 10.5 
Immortalite, . ; ; . ; 2.8 5 
Narcissus, . . ; : ; R 3 7 
Bellona, ae ‘ : R , 6.2 13.2 


The Rodney was in company, but did not take simultaneous 
observations on the occasion described in the table. 

Taking all the observations made at various times during this 
day, and disregarding changes which may have occurred in the 
course and speeds of the ships, or changes in the state of the sea, 
the following summary represents the facts: 


MEAN INCLINATION ON EACH SIDE OF THE VERTICAL. 


Degrees. 
Royal Sovereign, ; : ; R ; P 6.8 


Empress of India, . s : ; ; : 9.4 
Immortalite, ‘ ; : ; : ; ‘, 

Narcissus, ; ‘ ‘ , ‘ ; ‘ 3.3 
Rodney, . : ‘ ; : ‘ : : 5.8 
Bellona, . ; : : : : ‘ : 6.1 


In order to illustrate the general character of the motion of the ) 


large ships, the gradual increase in amplitude, attainment of a 
83 
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maximum inclination and subsequent gradual decrease, Fig. 1 
has been prepared from a séries of actual observations. 

One feature in the accumulation of rolling under the trying 
conditions of synchronism is the apparent suddenness with which 
comparatively large angles of inclination may be accumulated. 
Here, again, theoretical investigation anticipates observation. 
Apart from the action of resistance, the passage of each synchro- 
nizing wave should add an angle equal to about three times its 
maximum slope to the range of oscillation. In the long, low 
swell which synchronized with the Royal Sovereign class, the 
maximum slope was about 3 degrees only, corresponding to an 
increment in range, apart from resistance, of more than g degrees 
for each wave. There would be four waves passing in a minute, 
and it is easy to understand, therefore, in how short a time con- 
siderable angles of rolling may be reached, especially in a slow- 
moving ship, where resistance acquires no great moment until 
there is a good swing. 

When the Royal Sovereign and Empress of India were placed 
beam on to the swell, and a series of nearly regular waves of 
sychronizing periods passed the ships, much larger inclinations 
were reached at times than are shown in the foregoing tables. 
The maximum inclinations recorded under these very trying 
conditions were about 25 degrees to 30 degrees, which is 
undoubtedly heavy rolling, and has naturally been made the 
subject of adverse remarks. 

It may be well to explain, therefore, that this kind of behavior 
has been experienced long ago, under very similar circumstances, 
in vessels having unsurpassed reputations for average steadiness, 
and about the same periods of oscillation as the Royal Sovereign 
class. In this connection I will venture to quote a passage from 
my “ Naval Architecture,” published nearly twenty years ago: 

“ No feature in the behavior of ships is better established than 
that heavy rolling results from equality, or approximate equality, 
of the period of the ship and the period of waves, even when the 
waves are very long in proportion to their height. Many facts 
might be cited in support of this statement, but a few must 
suffice. . . . . Vessels of the Prince Consort class were made 
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to roll very heavily by an almost imperceptible swell, the period 
of which just synchronized with that of the ships [for a double 
roll]. On one occasion the Achilles, a vessel having a great 
reputation for steadiness, rolled more heavily off Portland in a 
dead calm than she did off the coast of Ireland in very heavy 
weather. Mr. Froude reports a very similar circumstance as 
having occurred [in the channel] during trials with the Active. 
And, lastly, during the cruise of the combined squadrons in 
1871, when the Monarch far surpassed most of the ships present 
in steadiness in heavy weather, there was one occasion when, 
doubtless through the action of approximately synchronizing 
periods, she rolled more heavily in a long swell than did the 
notoriously heavy rollers of the Prince Consort class.” 

The Hercules, as a rigged ship, was remarkable for average 
steadiness of platform. Yet on some occasions, in a swell very 
similar to that which set the Royal Sovereign class in motion, 
she rolled to angles of 25 and 30 degrees on each side of the 
vertical. Similar experience has been obtained with the /ucon- 
stant and other vessels. 

These instances are not quoted for the purpose of diminishing 
in the least degree the important influence upon fighting effi- 
ciency of steadiness of platform in war ships. It is not a possi- 
bility, however, to secure absolute steadiness under all conditions 
of sea, for the reasons given above. The designer, therefore, 
must fall back on experience, and endeavor to secure an average 
steadiness. His aim is to give to a new design about the same 
period of oscillation as was possessed by ships of proved good 
behavior. In the design of the Royal Sovereign class, as already 
explained, it was intended to approximate to the period of ships 
like the Hercules and Monarch. This has been accomplished, 
and it is important to note that in the ships as they now go to 
sea, by additions of coal and feed water, the stiffness has been 
increased, and period correspondingly quickened. With the 
weights on board originally contemplated as “normal,” the period 
would be about 7 per cent. greater than in the deep-laden ships. 
As they now have periods of about 15 seconds when deeply 
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laden, this would mean an increase of about 1 second in the time 
for a double swing. 

This may be thought a refinement by some persons, but it is 
by no means the case that such differences in period do not affect 
behavior. In fact, observations made in the Royal Sovereign 
class, with varying conditions of stowage of coal and feed water, 
show such changes in stiffness and period to have quite appre- 
ciable effects. 

Small changes in course and speed relatively to synchronizing 
waves also produced marked results on rolling. As an illustra- 
tion, I may take a recent observation made by the Royal Sover- 
eign. With swell abeam, the mean inclination to the vertical 
was about 9, and maximum (occasionally reached) 18 degrees. 
With the swell two points before the beam, the mean inclination 
was about 53, and the maximum 10} degrees. With swell four 
points before the beam, the mean inclination was about 4, and 
maximum 9} degrees. 

Further reports on observations of rolling were made after the 
passage of the Channel squadron from Vigo to Madeira in Jan- 
uary last. There is no new feature requiring detailed notice. 
Throughout, there was a long, low swell, or a confused sea. On 
the whole, the Royal Sovereign class rolled less than in the 
December cruise, the wave periods not approaching so closely 
to synchronism. An analysis of the figures shows that the 
mean inclinations to the vertical averaged about 6 degrees for 
the class. Inclinations exceeding 15 degrees are not reported 
for the Empress of India during the period of observations, and 
are only twice mentioned for the Roya/ Sovereign and three times 
for the Resolution. On one occasion the Resolution reached an 
inclination of about 31 degrees, and the Royal Sovereign on one 
occasion reached 21 degrees. These were altogether exceptional 
rolls, and must have resulted from some special condition of the 
sea at the time, although no details appear in the reports. 

All the reports on the class speak of the rolling motion of the 
ships as remarkably easy, free from jerks, and with quick recov- 
ery from extreme inclinations. This was anticipated from their 
form, period of oscillation and conditions of stability. 
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Summing up the facts, so far as they are in my possession, it 
appears that during the period of her service, now approaching 
two years, the Royal Sovereign has, on the whole, proved herself 
steady and well behaved at sea. The heaviest rolling of the class 
has occurred under the conditions of a long, low swell synchro- 
nizing, or approximately synchronizing, with their period of 
oscillation. In this respect the class resembles the Hercules, 
Monarch, and other ships of remarkable average steadiness and 
about equal period. Under such circumstances, the great inertia 
of the Royal Sovereign class, inevitable with their offensive and 
defensive arrangements, occasionally tends to produce consider- 
able angles of inclination. A very moderate change, of course, 
produces considerable reduction in rolling. 

Unsteadiness of platform under these conditions is clearly a 
drawback. There is no question of danger arising, however, as 
is explained hereafter. The edge of upper decks has been only 
just awash when the rolling has been heaviest in a long swell. 
Experiments are about to be made with bilge keels in one of the 
vessels, in order to determine whether the increase in resistance 
thus obtained will sensibly diminish rolling. 

All past experience shows that ships having periods of 15 
seconds to 16 seconds for a double swing are, as a rule, excep- 
tionally steady at sea. The Royal Sovereign class have about 
that period, and there is nothing whatever in their under-water 
form or stability to make their behavior differ from that of their 
equally slow-moving predecessors. Their greater inertia is the 
new and inevitable condition of the designs. Further experience 
is required to determine the relative steadiness of the class under 
average conditions of sea. 

In concluding this section, I desire to place on record our 
great indebtedness to the naval officers serving in the Royal 
Sovereign class for the valuable observations they have made and 
recorded. Captain Hammill, of the Royal Sovereign, deserves 
special thanks for the information he has afforded, as well as for 
many valuable suggestions. Having to go beyond precedent 
necessarily involves new conditions. Whatever care or skill may 
have been bestowed on a design, nothing but actual experience 
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can show whether or not it is successful. Much as we have 
learnt respecting the behavior of ships, there are still many 
obscure points, and in elucidating these naval architects must 
depend upon naval officers for facts as to the conditions of sea 
and the performances of ships. 

7. Behavior of the Resolution in December, 1893.—The case of 
the Resolution is quite distinct from that of the other ships of 
the class, and it has been so prominently before the public that 
I propose to state the facts briefly. It will be understood that a 
full discussion of the incident is not intended, nor indeed is it 
possible for one holding my official position to attempt it, for 
reasons that will be obvious. 

The Resolution, a newly commissioned ship, left Plymouth at 
2 P. M. on December 18 last to join the Channel Squadron at 
Gibraltar. On December 23, at 9 A. M., she arrived at Queens- 
town. 

According to the newspaper accounts, the ship had been seri- 
ously strained in structure by heavy rolling, reaching to angles 
of 30 or 40 degrees from the vertical. Dangerous leaks had 
been developed, and she could only be kept afloat by continued 
pumping. Considerable repairs were said to be required, and it 
was alleged that she was in such a state that she could hardly 
proceed without risk as far as Plymouth or Portsmouth before 
being taken in hand. Graphic accounts followed of the terrible 
weather which had been encountered, of the unsatisfactory be- 
havior of the ship, the great discomforts suffered by all on board, 
and the immense quantities of water which were said to have 
passed down into the engine rooms and stokeholds. In short, 
the impression was produced, and possibly still remains in many 
minds, that the Resolution had a narrow escape from disaster, 
and her behavior was considered the more unsatisfactory seeing 
that the torpedo gunboat G/eaner, which was in her company, 
had proceeded to her destination, while the big ship put back. 

Now for the facts. It has been stated by the representative of 
the Admiralty in the House of Commons that the captain of the 
Resolution, in the exercise of his undoubted discretion, put back 
to Queenstown because he considered it the wiser course, having 
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regard to the possible continuance of bad weather, and the quan- 
tity of coal remaining on board. 

The ship proceeded to Devonport, and a careful survey was 
made by the officers of Devonport Dockyard, who had nothing 
whatever to do with the construction or fitting out of the Reso/u- 
tion. This survey established the entire absence of any working 
or weakness in her structure. Various fittings on or above the 
upper deck and outside the ship were damaged or washed away 
by the sea. The bridges, which are merely light superstructures 
at a considerable height above the shelter deck, showed some 
small signs of movement, but nothing of any importance. There 
were no serious leaks anywhere. One or two places were found 
where small fittings had been attached to the sides, and the 
rivets were not absolutely water-tight. A few local defects in 
deck planks had permitted trivial leaks to occur here and there. 
Some small leakage also occurred at gun ports, deck pipes, and 
other openings provided with covers that had been thoroughly 
tested during construction, but were apparently not so well 
secured as they might have been when the storm was encount- 
ered. In dealing with such fittings, experience counts for much, 
and a newly commissioned ship is always at a disadvantage. 
Other fittings which were in place need not have been there 
under the circumstances, arrangements having been made for 
stowing them in safe positions at sea, or when bad weather was 
anticipated. The covers to the forward barbette gun-wells were 
washed away by the sea, not because they were not strong 
enough, but because they were not properly secured; and this 
circumstance led to the entry of water through the barbette. 

The best possible evidence to those conversant in such matters 
of the trivial and unimportant character of the defects arising 
from this experience of the Resolution is found in the fact that 
they were all made good—including repairs to damaged fittings 
and renewals of fittings lost—for the sum of 440/. 

There is no evidence that large quantities of water, much less 
dangerous quantities, passed into the interior. Before the hatches 
were battened down amidships a sea broke on board, and some 
water found its way down to the main deck and into the engine 
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room, but this did not recur after the battening down. Discom- 
fort there was, no doubt, during the three days the ship was 
battling with the storm; but that is a common experience, and 
not peculiar to warships. It has come to my knowledge that 
two large passenger steamers which were crossing the Bay about 
the same time had a very similar experience, but they continued 
their voyages, and I have not seen any comments in the press in 
regard to their behavior. The storm was undoubtedly severe, 
and the sea was exceptionally high and steep for a considerable 
time. 

After passing Ushant early on the morning of the tgth, the 
Resolution had a swell on the beam, which caused her to roll 
considerably. The wind, which was south at starting, veered 
during that morning to west, and then to northwest. She was 
kept on her course for seven or eight hours, until about 7 P. M. 
Two exceptionally heavy rolls then occurred, and the sea broke 
over the upper deck amidships. The hatches were not battened 
down at the time, and water passed through them on to the main 
deck and into the engine room, as above described. After this 
happened the ship was brought head to sea, gear secured, and 
battening down completed. She then resumed her course; but, 
as she again began to roll considerably, she was once more 
brought head to sea and there kept steaming slowly. This hap- 
pened about g P. M. on December Ig. 

The swell increased and the wind freshened during the night. 
By 8 A. M. on December 20 it was a whole gale, with tremen- 
dous squalls. Measurements of the waves were made that day 
with all the care possible under the circumstances: Accurate 
measurement, especially of length, was hardly possible. The 
wave heights were obtained by horizon observations, and are 
probably more nearly correct. Heights of 42 feet were observed 
from hollow to crest, and lengths of 300 feet from crest to crest. 
The exceptional steepness of these waves will appear from the 
fact that extensive observations have fixed the average height of 
large Atlantic storm waves at one-twentieth of the length, so that 
waves 42 feet high would be over 800 feet long. Similar obser- 
vations give 15 feet as the average height for waves 300 feet long. 
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No doubt in this instance, as in many others, where the wind 
has veered during a long-continued storm, there were independ- 
ent series of waves running in different directions and superposed 
on one another, which would account for the height and steep- 
ness of the waves observed. 

The ship was kept head to sea until 4 P. M. on December 21, 
when the swell had begun to drop somewhat, but was still from 
the northwest. Measurements of waves that morning showed 
heights of 26 feet to 30 feet, and lengths estimated at 280 feet— 
still avery steep and heavy swell. A northerly course was then 
shaped ; and, as the swell decreased gradually during the night, 
on the morning of the 22d the ship proceeded to Queenstown. 
On arrival she had over 450 tons of coal on board, having left 
Plymouth with about 790 tons. 

There are two stages to be considered in this narrative. First, 
that during which the ship was exposed for some hours to a 
swell abeam, described as moderate, but said to produce occa- 
sional heavy rolling. This resembles the case above discussed 
for the Royal Sovereign class; and in his report the captain of 
the Resolution expressed the opinion that the cause of rolling 
was approximate synchronism between the period of the ship 
and that of the waves. 

The second stage is that where the ship was kept head to the 
sea. Her behavior under these circumstances is reported to 
have been most satisfactory. She was very buoyant, rode well 
over the very heavy sea, and pitched easily. At times she rolled 
considerably, which is not remarkable when the state of the sea 
and its confused character are taken into account. 

It is reported also that under these conditions the oscillations 
were quite different from those which occurred when the swell 
was abeam. In the latter case the rolling gradually increased, 
reached a maximum, and then gradually diminished—complet- 
ing a “ phase,” in fact, like that represented in Fig.11. Head to 
sea, the ship is stated to have “lurched” at once, or nearly so, to 
her maximum inclination, and then to have gradually lessened 
her swing in succeeding oscillations. This is what would be 
anticipated from the position she occupied in relation to the 
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short, steep sea, and the pitching and ’scending motions im- 
pressed upon her. Under these circumstances there would ne- 
cessarily be great variations .in the distribution of the buoyancy 
as compared with still water, and considerable temporary reduc- 
tions in transverse stability, which would account for the occa- 
sional heavy lurching. Moreover, there must have been very 
severe longitudinal bending moments on the structure, and it is 
most satisfactory to find that there was no indication whatever 
of working or weakness. 

Another fact of great importance must be stated. There is no 
trustworthy evidence of the angles through which the Resolution 
rolled on this occasion. The only observations recorded were 
made with a short, quick-moving pendulum placed in the chart 
house, at a height of 35 feet to 40 feet above water. I need not 
dwell upon the possible errors of pendulums so placed in a ship 
rolling among waves. Cases are on record where the indications 
of pendulums, similarly placed in ships of about the same period, 
have been twice the true angles of oscillation, observed simulta- 
neously by trustworthy methods. In fact, no experienced naval 
officer trusts pendulum observations, spirit levels, or gravitational 
instruments of any kind for use at sea. 

One cannot fix precisely what was the actual error of the 
pendulum in the Resolution. But it is certain that its movements 
placed at such a height must have grossly exaggerated the roll- 
ing of the ship. When angles of inclination of 30 degrees or 40 
degrees are said to have been indicated by, or estimated from, 
the movements of the pendulum, the actual angles must have 
been much less, and may have been only half what was shown 
on the scale. 

It is important to note also that, even had these great angles 
of inclination been reached, there would have been no reason for 
apprehension of danger to the ship. The curves of stability (Fig. 
2) show that the maximum righting moment occurs at an inclin- 
ation to the vertical of 37 degrees, and that instability is not 
reached until the inclination exceeds 60 degrees. There is a 
popular impression, no doubt, although an absolutely erroneous 
one, that if a ship is inclined past her angle of maximum sta- 
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bility she will capsize. To this Institution I need not explain 
that even in a ship with large sail power, and exposed to squalls 
of wind, there may be no danger in angles of inclination much 
exceeding that at which the righting moment reaches its maxi- 
mum. But when, as in the case of the Resolution, there are no 
sails, and the inclining force of the wind on the broadside is rela- 
tively so small, there is a much greater margin of safety. 

In Fig. 7 a cross-section of the Resolution is given for an in- 
clination, in still water, of 40 degrees to the vertical. At this 
inclination the righting moment, for all practical purposes, may 
be considered as maintaining its maximum, and has a value of 
more than 30,000 foot-tons. This is the greatest angle of roll 
which, by pendulum or estimate, has been attributed to the 
Resolution. For the reasons just stated, it is practically certain 
it was never approached. Had it been approached, the upper 
deck must have been invaded by the sea to a much greater 
extent than actually happened. 

Among waves, the rise of the sea, as well as the rolling of the 
ship, necessarily influences the amount of water which comes on 
to the deck. This fundamental truth is often overlooked, and in 
some discussions on the Resolution’s behavior, this has been 
done. Simply to illustrate the well-known fact, Figs. 8 and 9 
have been prepared. The latter shows the Resolution beam-on 
to trochoidal waves of the heights and lengths said to have been 
observed on December 20, but to which she was then kept bow- 
on. The maximum slope of the waves is 26 degrees, and an 
inclination to the vertical of 8 degrees would then immerse the 
top of the bulwarks. In this position the corresponding angle 
on the curve of stability for measuring the righting moment 
would, of course, be 34 degrees. 

Fig. 8 shows the Resolution beam-on to an Atlantic storm 
wave 600 feet long and 30 feet high, the maximum slope being 
9 degrees. Here an angle of inclination to the vertical of 25 
degrees would bring the top of the bulwarks awash. 

In practice, of course, waves have not the regular forms shown 
on the diagrams, nor are successive waves of identical size and 
height. The “ rise of the sea” on occasional waves in a series 
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often considerably exceeds the average rise, and in a confused 
sea formed by superposed series these variations in height are 
very striking. Even with my limited opportunities for studying 
wave phenomena, this has been much impressed on my mind, 
and experienced naval officers have frequently drawn attention 
to the same fact when the assumptions made in the mathemat- 
ical theory of rolling have been explained to them. 

Fig. 10 has been constructed on the hypothesis of two super- 
posed series of waves, one 600 feet in length by 20 feet in height, 
and the other 300 feet by 20 feet in height. At certain times 
the ship on such a compound wave, if broadside on, might 
immerse her bulwarks at an inclination of 18 degress. If end 
on, the wave crests passing rapidly, might also rise considerably 
above the bulwarks, and come on to the upper deck. 

The presence of water in considerable quantities, at times, on 
the upper deck of the Resolution cannot, therefore, be regarded 
as any proof that the ship approached the angles of inclination 
indicated by the pendulum; much more moderate angles, under 
the circumstances described, would have produced this result. 

It is undoubted that the ship at times rolled considerably, and 
that the G/eaner, although of small dimensions, made better 
weather of it when beam-on to the swell first encountered. The 
Gleaner is said to have “risen over the beam swell and sea like 
a cork,” which is what would be anticipated from the fact that 
she is a quick-moving ship, her period being only one-third to 
one-fourth that of the Reso/ution. On the swell which synchron- 
ized with the movements of the latter 4nd accumulated rolling, 
the Gleaner could move so quickly as practically to accompany 
the waves. Every one knows that under such circumstances 
the smaller ship is likely to have an advantage ; but it is equally 
true that under most conditions the larger and slower-moving 
ship will be better behaved than the smaller, and more capable 
of maintaining her speed. 

The Resolution was, in fact, put to a severe test at the very 
commencement of her service, when those on board had not 
grown familiar with the vessel, and particularly with the fittings 
provided for use in rough weather. She was not fully prepared 
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when the sea first broke on board, and the washing away of 
certain fittings which were not well secured, or which were left in 
place instead of being stowed, permitted water to pass below. 
This involved discomfort, but not danger; and the statements to 
the contrary are unfounded. So are the accounts that were pub- 
lished in regard to the straining and leaks produced by the roll- 
ing. As to the extent of the rolling, there is no exact informa- 
tion, but there was undoubted exaggeration in the published 
report. ; 

8. Performances under Stcam.—In the design it was proposed 
to develop 9,000 horse power on the natural-draft contractor's 
trial of eight hours, the corresponding speed being about 16 
knots ; and on the four hours’ forced-draft trial to develop 13,000 
horse power, the corresponding speed being 17} knots. 

The Royal Sovereign, being the first completed ship of the 
class, was chosen for the purpose of comparing estimates with 
actual performances. She was brought to her designed load line, 
and was practically ready for service when the trials were made. 
On the eight hours’ trial the mean indicated horse power was 
9,667, with .39 inch air pressure in stokeholds ; the revolutions 
averaged 97 per minute. During the trial four runs were made 
on the measured mile at Stokes Bay. The mean number of rev- 
olutions per minute on these runs was 99, the mean power 9,780 
horse power, and the mean speed 16.77 knots. On this basis, 
the mean speed for the eight hours was 16.43 knots, including 
the turns made as the ship ran her trial. 

It may be worth mentioning that the speed by log on this trial 
was 16.32 knots, showing a fair agreement with actual perform- 
ance. Of course, this agreement was accidental, since it is fully 
recognized that many circumstances seriously affect the indica- 
tions of the log. But it is the custom of the service to have the 
log running when ships are under weigh, and to record their in- 
dications. Not unfrequently in published accounts of trials one 
sees the log speeds given without any notation of the mode of 
speed measurement; and in some instances I have observed de- 
tailed criticisms of relative performances based on log speed 
records which were altogether untrustworthy. A far better 








490 FIRST-CLASS BATTLE SHIPS. 


method of approximating to speeds when making long runs is, 
undoubtedly, to determine the curves of revolutions for speeds 
by progressive trials, and to use these results, instead of any log 
yet available. 

On the forced-draft trial, the Royal Sovereign was run up 
Channel and back in deep water, and over a known distance. 
For three hours’ continuous steaming the mean revolutions were 
106.3, the mean development was 13,360 horse power, with 1.6- 
inch air pressure in stokeholds, and the speed (by revolutions) 
was 18 knots. I may add that this result was checked by a com- 
parison of the “coefficients of propulsion” obtained from the 
model experiments, at 16? and 18 knots. 

It will be seen, therefore, that the anticipations of the design 
were fully realized in regard to the speeds corresponding to the 
specified powers, and that the actual development was above the 
specified both for natural and forced draft. 

As all the ships are of identical form, and the screws of the 
same type and dimensions, nothing was to be gained by repeat- 
ing the trials for speed, and incurring the expense of ballasting 
in order to bring them down to their designed load lines. It 
was decided, therefore, that the contractors’ trials on the remain- 
ing ships should be limited to the development of power under 
the specified conditions, care being taken to immerse the screws 
sufficiently. The ships were run at draughts and displacements 
lighter than their completed draughts, varying from 24 feet 1 
inch mean draught and 12,100 tons displacement up to 26 feet 
11 inches mean draught and 13,500 tons. The Royal Sovereign 
was tried at 27 feet 6 inches draught and about 14,200 tons dis- 
placement. 

On the natural-draft trial of eight hours’ continuous steaming, 
the developments varied from 9,180 to 9,600 horse power, the 
air pressures in stokeholds varying from .2 inch to .5 inch of 
water. The specification provided for 9,000 horse power with 
.5-inch air pressure. 

In the later ships it was decided not to push the forced-draft 
trials so far as had been done in the Royal Sovereign, but to limit 
the development to 11,000 horse power. With this limitation it 
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was possible to set the valves so as to favor economy in the use 
. of steam at ordinary working speeds, and to increase the effici- 
ency under general-service conditions, when the air pressure in 
the stokeholds would be not more than .5 inch. With ordinary 
coal and stoking the specified natural-draft power (9,000 horse 
power) would not be exceeded and not often reached, so that 
11,000 horse power gave a good margin in the engine depart- 
ment. The steam-producing power of the boilers, of course, 
remained unchanged. 

The mean development on the four hours’ trials varied from 
11,300 to 11,600 horse power. The air pressure varied from .35 
to 1 inch. 

No trustworthy observations of speed were made, but the logs 
were run as usual. Attempts have been made by some persons 
to analyze and compare the results, on the assumption that the 
d speeds were correctly measured. All these attempts simply 
represent so much waste work. 

In my paper of 1889 I explained that the greater length of 
these ships would favor economy of power at the higher speeds, 
as compared with what had been accomplished in vessels previ- 
ously built. This has been fully realized on trial, and the fol- 
lowing figures are of interest: 

The Zrafalgar, 345 feet in length, and of 12,000 tons displace- 
ment at the trial draught (274 feet mean), required 8,440 horse 
power for 16.22 knots, and 12,900 horse power for 17.28 knots. 
The Howe, 325 feet in length, 9,600 tons displacement at the 
mean draught of 26 feet 8 inches, required 8,230 horse power 
for 15.9 knots, and 11,600 horse power for 16.9 knots. The 
Royal Sovereign, 380 feet in length, and about 14,200 tons dis- 
placement on the same mean draught as the 7rafalgar, required 
9,780 horse power for 16.77 knots, and 13,360 horse power for 
18 knots. , 

Much might be said in further illustration of the point, which 
was discussed at length five years ago, but these figures must 
suffice at present. 

From personal observations made during the trials of these 
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ships, I can testify that at the higher speeds, even in smooth 
water, the greater freeboard of the Royal Sovereign class is a 
source of sensible economy in propulsion. Against the high 
bow the waves can maintain themselves when once formed, 
whereas in the vessels of low freeboard a wall of water is 
gradually raised above the upper deck level, until it reaches 
such a height that it falls over upon the deck, and has to be 
recreated. In a moderate sea the conditions are still more 
favorable to the ships with high bows, and the maintenance of 
speed in rough water is greatly superior. 

We are accustomed to adverse criticism of measured mile per- 
formances, which are of great value for many purposes, although 
no one supposes them to represent what can be done on long- 
distance steaming. Fortunately it is now possible to refer to a 
thorough test of the Royal Sovereign on a trial made from Ply- 
mouth to Gibraltar, in October last. The run extended over 72 
hours, and was made in fair weather, except for a few hours to- 
wards the end, when head winds and some sea were encount- 
ered. The mean speed for the 72 hours was 15 knots; the mean 
power was 8,180—go per cent. of the specified power. This is 
an excellent result, most creditable to the engineer officers and 
their staff. As regards the speed, it is proper to note that the 
ship started with a considerable load of coal and stores, drawing 
about 283 feet, and having a displacement of about 14,900 tons. 
Her consumption of coal for steaming was 484 tons, and for all 
purposes about 500 tons. Hence her mean displacement for the 
run was about 14,650 tons. At this speed, therefore, the maxi- 
mum coal supply (1,450 tons) would suffice to cross the Atlantic 
at a speed of 15 knots. This is probably an unrivalled perform- 
ance fora battleship. The rate of coal consumption was 1.84 
pounds per indicated horse power per hour. 

It is interesting to compare this performance on a long run at 
sea with that of some other battleships when tried on the meas- 
ured mile for short periods and with everything at its best, as 
an indication of what has been accomplished in the direction of 
economical propulsion. 




















Curves of Rughtiuny Moments tn Ord:'- 
nary Load Conditions. 


pid 



































S 
wy 
’ ifie Oo" a 4o° 30° 60° 3 
Curves of Righting Moments tnx Ordc- 
Foot tons nary Light Condtézons 
g rewgnr 
4 . Sout : 
"Shes000 Fig. 6. io 
§ 
N}20000 
8 zs000 
E ee rig 
25 2, 
8 a: 
IN 
w 
“or Zo* 20° go? #0° 0”N BONN 
20 Stba 
Fx. i. 
Fzs ° 
+10 


Mh AAI WANA aan AMAL aa 





Scale of Degrees 
Ae i 














L75° 





(20 Poré 


i VL wenn 





























H. M.S. RESOLUTION. 





Fig. 7. If inclined at 40° in smooth water. 
Fig. 8. Broadside on to a wave 600 feet long, showing inclination necessary to put her bul- 


warks under water. 
Fig. 9. Broadside on to a wave 300 feet long, 42 feet high, showing inclination necessary to put 


her bulwarks under water. 
Fig. 10, Broadside on to a wave 300 feet long, 20 feet high, superposed an another wave 600 


feet long and 20 feet high. 
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At cruising speeds also the Royal Sovereign has done well. 
When steaming at a speed of 7.6 knots per hour the expenditure 
of one ton of coal suffices to drive her enormous weight (over 
14,000 tons) more than 7 knots, less than 1,000 horse power 
being indicated. For 10 knots speed about 2,500 horse power 
is required, and an expenditure of one ton of coal would drive 
the ship about 43 knots in fair weather with bottom clean. 

Trials have been made as to the most economical mode of 
propulsion at very low speeds, with the result that it has been 
found preferable, even at speeds of 54 to 6} knots per hour, to 
keep both engines at work rather than to work one engine only 
and use the helm to keep a course. 

This is a suggestive experiment, taken in connection with the 
economy anticipated in some quarters by adopting triple screws, 
in order to work only the central engine at low speeds. 

Similar trials made in other twin-screw ships have given con- 
firmatory results. 

9. Manauvring Powers.—The vessels of the Royal Sovereign 
class have proved very handy for their dimensions, comparing 
favorably with many ships of less size and weight. They are 
perfectly under control, answering all movements of the helm 
even at low speeds. One remarkable proof of their handiness is 
to be found in the fact that vessels of the class have proceeded 
under their own steam alone, without the assistance of tugs, 
from Plymouth Sound into the Hamoaze, a passage involving 
very awkward turns in limited space and a strong tideway. 
Turning trials have been made with several of the ships, some 
34 
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fully laden and others light. It need hardly be said that differ- 
ences of draught and trim affect performance. 

Taking the sea-going condition, it appears that the tactical 
diameter is about five times the length, or about 1,500 feet. 
This tactical diameter is practically constant for all speeds. The 
time of turning varies, therefore, nearly inversely as the speed. 

At 12 knots the course can be reversed in about 3.4 minutes ; 
at higher speeds in proportionately less time. 

The actual space required for turning is practically the same 
as that required by a number of battleships from 40 feet to 50 
feet shorter, and 2,000 to 3,500 tons less displacement, and 
taking the ratio of tactical diameter to length, the big ships 
compare favorably with any battleship of recent construction and 
high speed; notwithstanding their great inertia due to the 
weights and positions of the barbettes and heavy guns. 

Relative Size and Cost of Royal Sovereign Class —In my paper 
of 1889 I explained that the comparatively large dimensions and 
displacements of the Roya/ Sovereign class, resulted from the fact 
that they were designed to carry great weights of armor, arma- 
ment, coals and equipment, at high speeds. As compared with 
first-class battleships recently built, or now building, for foreign 
navies, they are of large displacement tonnage, and somewhat 
greater draught. As these foreign ships are intended to have 
about the same speed, while in armor and armament they are 
designed to meet our ships on fairly equal terms, it has been 
assumed in some discussions of the subject that our ships are 
unnecessarily large for their intended service. 

To this Institution it is unnecessary to explain how fallacious 
a standard of measurement is displacement tonnage, apart from 
a full statement of what is included therein. One requires to 
know not merely what numbers and weights of guns are carried, 
what are the thicknesses of armor and areas protected, but also 
what are the weights of ammunition, coal, stores and equipment 
included in the nominal displacement—in other words what is 
the total load carried at the maximum estimated speed. 

Fortunately, I have been able to make such a comparison 
between the details of the designs of the Royal Sovereign class. 
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and those of some foreign battleships of the same date of nearly 
equal length, and of about 12,000 tons displacement. Without 
going into particulars, I can state broadly that the total load in 
our ships reckoned in the displacement, and carried at the 
maximum speeds, exceeds that of the foreign designs by about 
1,600 tons. This excess is almost entirely made up on the items. 
of coal, ammunition, stores and equipment. 

Everyone familiar with ship designing knows how an additiom 
to the load, with constant speed, leads to a much greater increase 
than itself to the displacement. But apart from this it will be 
seen that if the Roya/ Sovereign carried 1,600 tons less than she 
does—that is, had an equal load with that carried by the foreign 
ship—she would be about 12,500 tons displacement, and would 
draw about 23 feet less than she does. Of course at this lighter 
draught she would have a greater speed also. 

This is only atypical case. Inthe Royal Navy the established 
policy is to give to our ships greater sea-keeping power, more 
coal, more ammunition, more stores. Hence, with equal skill 
in design, equal weights of armor, equal numbers and weights of 
guns, and equal speed, our ships must be of greater displace- 
ments. 

Thanks to our superior economy in construction, the cost of 
our ships compares favorably with those of foreign ships. The 
dockyard-built Royal Sovereigns cost about £770,000, exclusive 
of establishment charges and armaments. The corresponding. 
cost of foreign ships of recent construction are from £950,000 
to 41,000,000. 

Centurion and Barfleur—The Centurion and Barfleur, also 
built under the Naval Defence Act, may be briefly mentioned 
before concluding. These ships are designed specially for ser- 
vice as flagships on distant stations, and their draught limited, 
so that they can pass through the Suez Canal. They are wood 
sheathed and coppered. Their length is 360 feet; displacement, 
about 10,500 tons; maximum speed, about 184 knots. On trial 
they have both proved excellent steamers. Their net cost (ex- 
clusive of armaments (is about £550,000. 

In them we have an illustration of the price paid in reduced 
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offensive and defensive power, when first cost is diminished. The 
Royal Sovereign and Centurion may be treated as about equal in 
speed, manceuvring capability, freeboard, coal endurance, and 
the power of maintaining speed at sea. But to effect a saving of 
30 per cent. in cost, it is necessary to reduce the calibers of the 
four heavy guns from 13.5 inches to 10 inches, and of the second- 
ary armament from 6 inches to 4.7 inches. The maximum thick- 
ness of armor on the belt has to be made 12 inches instead of 18 
inches, and that on the barbettes 9 inches instead of 17 inches. 

As the designer of both classes, I can say that the work on 
the Centurion was as carefully thought out as that on the Royal 
Sovereign. The ships have been built in the same dockyard, and 
under similar conditions. The comparison is, therefore, fair and 
complete. And the broad result is that, however well adapted 
the Centurion may be for her special service, and capable as she 
undoubtedly is of meeting on equal terms ships of larger size, 
but earlier construction, she is distinctly inferior to foreign ships 
of the first class now building in offence and defence. Her 
heaviest guns cannot perforate the armor on the hulls and heavy 
gun emplacements of those ships. Their heavy guns can read- 
ily perforate her defence. 

Seven Centurions can be built for the cost of five Royal Sover- 
eigns. 1 leave to others the discussion of the question whether 
such a gain in numbers is any adequate compensation for loss 


in individual power. 

[The Repulse has been fitted with bilge keels, and experience 
at sea with her, in company with other vessels of the Royal Sov- 
ereign class, has been so satisfactory that all the other vessels of 
the class are to have them.—EpirTor. } 
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ALBATROSS. 


By CuieF ENGINEER IsHERWooD, U. S. Navy. 


The A/éatross is a twin-screw steamer, designed especially for 
the use of the United States Commission of Fish and Fisheries. 
The hull is of iron, and is not wooden sheathed, for the external 
immersed surface of the vessel does not foul sufficiently during 
the short intervals of time between its being in fresh water to 
have warranted the additional cost of wooden sheathing and 
copper. 

The hull is brigantine rigged with a considerable proportion 
of sail power; but, as the vessel comes under the category of a 
coasting steamer, performing its principal service in Summer 
when the winds are light, the sails and their concomitants might 
have been advantageously omitted, for the air resistance of the 
spars and rigging, and the immersion of the hull due to their 
weights, undoubtedly decreased the speed more than the sails 
ever increased it, leaving the first cost of the sail power and the 
after cost of maintaining it, together with the cost of the coal for 
overcoming the resistance due to the weights and surfaces of the 
masts, spars, rigging, sails, etc., as wholly a loss. 

The twin screws, placed just in advance of the after side 
of the sternpost of the vessel, were adopted as a necessity 
in order to leave the vessel’s wake as undisturbed as possible 
for the trawls and dredges, and their gear, which would have 
been much interfered with by a single screw placed abaft the 
sternpost. As the twin screws furnish a sort of insurance against 
the inconveniences of a breakdown in the motive engines, the 
probability being but slight that both engines would become 
useless at the same time, there was still less reason for burthen- 
ing the vessel with sails whose only value would be found in 
such a contingency. 
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The bunkers contain 138 tons of anthracite. 


The following are the principal dimensions of the hull and ‘ms 
machinery, to which is added the performance which can be 
permanently maintained with anthracite as a fuel burned by 
natural draft : 

HULL. 
RROCONS SEMI, OVO 1, SORE aicscciss cccssces: conser serdtnisn cose mavesececoseasnes  SS8 
Length from forward edge of stern to after edge of hepa, on the load 

water, line, 160,050: aioncenniscnsceies « svesees sovccceee coceccees cocceeeee s evcccee, 200 
Extreme breadth on the load water line, feet and inches............0. cesses ses 27-7} 
Depth of hull amidship from top of spar-deck beams to lower edge of 

plating, feet and inches.. tila tii sin sds wanecedine heaeeeees 18-64 
Depth from load water line t. to eam ioe a ssi, ien.. seeeee cee cocees 11.312 
“Depth of keel below the lower edge of the plating, socks. seins Sodan: ehiids oad 7% 
Mean load draught of water from bottom of keel, feet....... ..seseee eevee 11.927 
Greatest immersed transverse section to load water line, square feet........ 275-574 
Area of water section at load water line, square feet......, .ccesee cesses seeeee 4,001.4 
Displacement to load water line, ts. .....: .cecce secees sovcesens secese cooves enence 1,003.47 » 4 
Displacement per inch of draught at load water line, tons...... ....ces0« 9.689 
Ratio of the length of the hull on the load water line, from passer oige 

of stem to after edge of sternpost, to its breadth ........0+.sceee seeees sossweees 7.245 
Ratio of the greatest immersed transverse section to its circumscribing 

ETO acicsicvriecconin ct esusing tees’ tensin ‘eddes Counsbincent« waa nndeecoemmenas 0.882 
Ratio of the water section to its circumscribing parallelogram.,,....... ...0+ 0.736 
Ratio of the displacement to its circumscribing parallelogram.......e. ..-++ 0.561 
Ratio of the displacement to a prism having for its base the grees 3 im- 

mersed transverse section, and for its height the length of the hull on 

the load water line from the forward edge of the stem to the after edge 

Ae SI UE cies sac eretetine caee 6 date ni kanes eictenin vnikigns xd tqee!ivands semasteie 0.636 
Immersed exterior, or wetted surface of hull, to load water line, exclusive 

of the surfaces of the two bilge keels, keel and rudder, square feet...... 6,812.0 
Surfaces of the two bilge keels, square feet...... retieliihe eee bo tiectess tcteeene SEGG 
a Oe Te Rh, CIO FIIs oi catncicen ncesee cicren ipsese nsecbniie. tetenbain ses 283.4 
Se OE Te PID, SOI FOE iris sce. cca canscwors: tosscpins cenit eeehegpineie 41.0 
Aggregate wetted surface, square feet.. coe cece coees seeces cee eo sceeee 79 351.0 
Aggregate surface in the five principal sails, square + fn pebdahthaed sndiolaneene 4,885.0 
Square feet of sail surface per square foot of the greatest immersed trans- .) ed 

SN A canis caning adana> <aasak suk da ds tant saahe: tea paket sendatinaeotascnwetes 17.727 
Square feet of sail surface per square foot of water section. ...... ...s00 esses 1.203 
Square feet of sail surface per ton of displacement, ......... ..000 sees 0 ceceseces 4.868 

Including the gaff topsail, flying jib, fore trysail and fore stay- 
sail, the vessel has an aggregate of 7,521 square feet of sail sur- 
face. 
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The bilge keels, one on each side of the keel, are 80 feet in 
length and 16 inches in breadth. 

The weight of the hull and fittings is 412 tons. 

The houses erected upon the spar deck are nearly 7} feet in 
height, occupying at their greatest breadth the entire breadth of 
that deck, making the total height above the water for air resist- 
ance 14 feet. 

ENGINES, 

There are two compound condensing engines, duplicates in 
every particular, and driving twin screws. The engines are di- 
rect acting and nearly vertical, being inclined 144 degrees from 
the perpendicular. Both engines have one surface condenser in 
common, which is placed immediately above the keelson, the 
center of the condenser being in the longitudinal vertical central 
plane of the vessel. The corresponding cylinders of both engines 
are placed back to back and bolted together, and the four cylin- 
ders are bolted to the condenser which thus becomes their frame 
or support on their inner side while their outer side is supported 
by inclined wrought-iron columns. The cylinders are not steam 
jacketed. The guides for the main crossheads are bolted to the 
upper part of the sides of the condenser. Each engine is com- 
plete in itself, and distinct with the exception that the condenser 
is in common. 

The air pump (one for each engine) is single acting and hori- 
zontal ; it is worked from a small special crank on the forward or 
free end of the crankshaft. It is a plunger pump, the hollow 
cylindrical plunger being open at the outboard end after the 
manner of a half-trunk, and the rod connecting the plunger with 
the crank pin is secured to the bottom of the plunger and vibrates 
within the half-trunk, the plunger having no other guide than a 
deep stuffing box. 

The condenser tubes are of brass, horizontal, and are arranged 
in three compartments, one vertically over the other; the refrig- 
erating water is inside the tubes and the exhaust steam surrounds 
them. The refrigerating water enters the lower compartment of 
tubes first, and passes next into the middle compartment, from 
which it goes to the upper compartment, and thence outboard. 
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Each engine has one horizontal single-acting plunger feed 
pump placed opposite the air pump; the axes of the two pumps 
being in the same straight line. The feed-pump plunger is 
worked direct from the air-pump plunger. 

The refrigerating or injection water is supplied to the tubes of 
the condenser by an independent steam pump, the steam cylinder 
of which is 14 inches in diameter with 14 inches stroke of piston. 
The pump or water cylinder is double acting, 16 inches in 
diameter with 14 inches stroke of piston. This pump can be 
worked to 200 single strokes per minute; its ordinary speed is 
75 strokes per minute. 

The cylinder valves are operated by the usual Stephenson 
link and eccentrics. A reversing steam cylinder is attached. 
The main valves of the small cylinders are locomotive slides 
over which gridiron cut-off valves are placed. The main valves 
of the large cylinders are double ported slides; these cylinders 
have no separate cut-off valves, the cutting off in them being 
effected by steam lap. 

The following are the principal dimensions for each engine: 


Number of cylinders to each engine 
Diameter of the small cylinder, inches.. 


Diameter of the piston rod of the small cylinder, inches. 


Net area of the piston of the small cylinder, square inches...... .......0068 © 250.935 

Stroke of the piston of the small cylinder, inches..... 

Space displacement of the piston of the small cylinder per stroke, cubic 
DOE cccticche sanait-ovsten seaeduntsansionniegibiins octoie-onvwnndyh baie 200 coveveoee 

Space in —e arance poy steam passage at one onl of the pons altnies, 
CUBS Lethe cccovecee sedensone aitpevoes 

Clearance of the piston of the small cylinder, inch 

Fraction which the space in the clearance and steam passage at one end 
of the small cylinder is of the space displacement of its piston per 
SINE a uta secesonnr ticvines védsen shveey. sonsepene tebe coninnies’s sovccees 

Number of steam ports at one end of the small cylinder... ............ cesses 

Length of the steam port of the small cylinder, inches........ ....eceee + 

Breadth of the steam port of the small cylinder, inches. ...........20000 eee00 

Area of the steam port of the small cylinder, square inches........ 

Length of the exhaust port of the small cylinder, inches 

Breadth of the exhaust port of the small cylinder, inches.,........... — 

Area of the exhaust port of the small cylinder, square inches .......0+ ++ «+ 

Number of ports in the cut-off valve of the small cylinder. ......... -secseese 

Length of each port in the cut-off valve of the small cylinder, inches..... 
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Breadth of each port in the cut-off valve of the small cylinder, inch...... 

Aggregate area of the ports in the cut-off valve of the small cylinder, 
square inches., cvccccee eevee 20 cove 

Diameter of the inns clink. tele. ee SRE ie ed 

Diameter of the piston rod of the large eitadiat, pated tieubd vases Sabbnesi 

Net area of the piston of the large cylinder, square inches...... ....0. se00 ° 

Stroke of the piston of the large cylinder, inches,...., ....0. cesses cesses seeeee 


Space displacement of the ac of the _ cylinder per stroke, cubic 
$OCE cccces covesnone eeoncees eceenases eccnbeeesees eeesese sceses covenese: sees seeceee 
Space in sdenvenee pay steam passage at one ond a the lane atindes, 

CURIS FGF vancnn scnscenss scbissonostvvnbes enseedcoguacdan 1sdseSsbitbind conse tecdboue 
Clearance of the piston of the large cylinder, inch...... csseo- .« seccsseeceseee 
Fraction which the space in the clearance and steam passage at one end 

of the large cylinder is of the space displacement of its piston per stroke.. 
Number of steam ports at one end of large cylinder ........ .....2seeeeeseeees 
Length of each steam port of the large cylinder, inches............ sevepsooves 
Breadth of each steam port of the large cylinder, inches .......0. s.ssee sees : 
Aggregate area of the steam ~~ of the large cylinder, square inches..., 


Depth of ootites ring in piston of small cylinder, inches... ......00+ seseeees 
Depth of packing ring in piston of large cylinder, inches... ......000 seeseeees 
Thickness of metal of all cylinders, inchh ,.sscscosccsce.sesesoerenne sontee cnseseece 
Ratio of the net area of the piston of the large evliner to the net area of 
the piston of the small cylinder..,........ +++ iia ooh bplienk aeons andi 
Ratio of the space displacement of the slate per iatialie of the lane cyl- 
inder plus the space in the clearance and steam passage at one end 
of the large cylinder, to the space displacement of the piston per 
stroke of the small cylinder plus the space in the clearance and steam 
passage at one end of the small cylinder ......... ..s0se seccee sessences secseeees 
Number of tubes (seamless brass) in the surface condenser......... ‘seieaies 
Cutabile dinmsoter 66. Gh telenty GiGi issic icovnniken ciccnniins skbeduedis tdsnes extbanote 
Exposed length of the tubes, inches. ...... .ccosces serscocer sosoee svcosesosososces : 
Aggregate condensing surface in the tubes, square feet. .........seeee seeseeee 


Number of air pumps to each engine tees ACtiNg) ..ccsseee eeececes socseeecs 
Diameter of air pump, inches., vines sine seen vnonse siamese Sonsknene 
Stroke of the piston or plunger a the air pump, hits eee cscese sevcecee 
Space displacement of the piston of the air pump, per stroke, cubic feet.. 
Number of feed pumps to each engine (single acting) .....+ cece sssses seeeeuee 
Diameter of the feed pump plunger, inches... ...... .ccecees seces cece sossesees 
Stroke of the feed pump plunger, inches.. ......000 -ccsccses coccccees covves covcee 
Space displacement of the plunger of he feed pump per make, euble 
Feet ..cccccee socces soseee evscevere sooses cosneee see eeveoees 

Diener of the ecient pasaaes of the mall ‘eottader, eihes.. 

Length of the crosshead journal of the small cylinder, iii... cosceccee 
Diameter of the crosshead journal of the large cylinder, inches.....,...... 
Length of the crosshead journal of the large cylinder, inches.,...,, ......++. 


50L 
0.875 


35-4375 
34- 
3-5 
903.110 
30. 


15.621 


1.0975 
0.5 


0.070 


20. 
1.5 


4.50 
3-75 


3-599 


3-564 
2,394. 
0.625 
66. 
2,154.445 
1. 
16. 
13.5 
1.571 


45 
13.5 


0.124 
3.0 
4-5 
35 
5.0 
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Diameter of the neck of the connecting rod of the small cylinder, inches. 3.0 
Diameter of the neck of the connecting rod of the large cylinder, inches. 3-5 
Length of the connecting rod of both cylinders between centers, inches.. 74.0 
Number of crankshaft journals to each engine. .... 000 secscsees cosecsees coeeee 3. 
Diameter of the forward journal, inches 7.0 
Length of the forward journal, inches. ........... sose-s00-seces oc 000 cevcee consce 8.5 
Diameter of the center journal, inches,, ....0. .osscs sseves coceseoce coccee soe sosece 8.5 
Length of the center journal, inches... ...... scccoses scs0ee sovces secoscees cocceoees 16.0 
Diameter of the after journal, inches. ....., ...000 +0008 scsccceee ssscee ove 8.5 
Gee OE GR INR SIE, CITE a vikesisse ic catiie sccnas costes cceses <izsen casei 13.5 
Diameter of the crankpin journal of the small cylinder, inches. secvce 5-75 
Length of the crankpin journal of the small cylinder, inches 7.50 
Diameter of the crankpin journal of the large cylinder, inches.............. 7.25 
Length of the crankpin journal of the large cylinder, inches g.00 
Diameter of the line shaft journals, inches.......+.....0. seceeseee soseeeeee cosees 8. 
Length in the vessel occupied by the two engines, feet............ .ceseeeee 

Breadth in the vessel occupied by the two engines, feet. .......06 ....+: seers 15.5 
Height of the engines above axis of shafts, feet .......00 cesses -seeee ceceesce eee 12.5 


BOILERS. 


There are two return ascending flue boilers; the flues are di- 
vided into a lower group and an upper group, those of the upper 
group being returned above those of the lower group and the 
furnaces. 

The shell of the boilers is in two portions, of different form. 
The front portion is rectangular in plan, 8 feet 6 inches in width, 
7 feet 6 inches in length, and 9g feet 4 inches in height; the sides 
are vertical and the top is semi-circular. The back portion of 
the shell is cylindrical with a flat end; diameter, 8 feet 6 inches, 
length, 14 feet. 

Each boiler contains two furnaces, and they are placed in the 
front portion of the shell. Each furnace is 434 inches wide in 
the clear, and 6 feet 6 inches in length. The front portion of the 
shell has no water bottom, and the furnaces are fitted with inde- 
pendent cast-iron ashpans placed beneath the grates. The crown 
of the furnace is an arc struck from three centers with radii of 7 
and 51 inches, and joining tangentially the vertical sides. The 
flat water space between the furnaces is 6 inches wide, including 
thicknesses of metal ; the flat water spaces between the furnaces 
and the sides of the shell are 44 inches wide, including thick- 
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nesses of metal; the flat water space between the furnaces and 
the front end of the shell is 44 inches wide, including thick- 
nesses of metal. The flat water space between the ashpit and 
the back of the front portion of the shell is 7} inches wide, in- 
cluding thicknesses of metal. The bridge wall of each furnace 
is formed by a vertical extension of this water space; its top 
curves upwards, and the lowest point of the curve is 14 inches 
above the upper surface of the grate bars. The crown of the 
furnace rises from the front to the back. At the front of the 
furnace the vertical distance from the upper surface of the grate 
bars to the highest point of the crown is 25 inches, At the 
back of the furnace this distance is 34 inches. The upper sur- 
face of the grate bars slopes from front to back of furnace 4 
inches. 

The opening of the furnace door has rectangular bottom and 
sides, and a semicircular top; width of opening, 16inches; height 
of opening, 16 inches. 

Behind the bridge wall of each furnace is a combustion cham- 
ber 21 inches long in the clear, and lying wholly within the 
cylindrical portion of the shell. Its top is a horizontal extension 
of the furnace crown; its width in the clear is 433 inches; its 
bottom is curved nearly concentric with the shell. 

From the combustion chamber to the after smoke connection 
there proceed, for each furnace, five horizontal flues, one of which 


is 15 inches in inner diameter, another of which is 12 inches in 


inner diameter, and the remaining three of which are 11 inches 
in inner diameter. Least water space between the flues, 3 inches, 
including thicknesses of metal. The extreme length of all these 
flues is 10 feet. 

The back smoke connection is separate for each furnace. It 
is 58 inches in extreme height; 223 inches long in the clear, 
lengthwise the boiler; and 45 inches wide in the clear. The 
bottom and outer side are nearly concentric with the cylindrical 
shell. The top is horizontal and the inner side is vertical. The 
back smoke connections of each boiler are separated by a flat 
water space of 6 inches width, including thicknesses of metal, and 
they are separated from the back end of the boiler by a flat 
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water space of 43 inches width, including thicknesses of metal. 
Access is had to each connection through a circular manhole of 
16 inches diameter in the back end of the boiler at the bottom 
of the connection. 

From each back smoke connection to the uptake there are 
returned eight horizontal flues of 9 inches inner diameter, and 
16 feet 9 inches extreme length. They are distributed in two 
rows vertically, the four flues of the upper row being directly 
over the four flues of the lower row. The least water space 
between the flues is 3 inches, including thicknesses of metal. 
The vertical distance between the highest point of the crown of 
the furnace and the lowest point of the lower row of tubes is 6 
inches, including thicknesses of metal. 

The uptake is situated at the front of the boiler and immediately 
above the furnaces. It is in common for all the upper sixteen 
g inches diameter flues of one boiler. Its lower portion is rectan- 
gular; 8 feet wide in the clear, 25} inches long in the clear, 
lengthwise the boiler, and 27 inches high. The bottom is on a 
level with the lowest point of the lower row of g inches diameter 
flues, and is horizontal. The lower portion of the uptake is sep- 
arated from the front of the boiler by a flat water space 4} inches 
wide including thicknesses of metal; and from the side of the 
boiler by a flat water space 3 inches wide, including thicknesses of 
metal. Access is had to it through a manhole at its center, 18 
inches wide and 14 inches high. The upper portion of the up- 
take terminates at the height of 4 feet 9 inches above the bottom 
of the lower portion. At the top it is drawn to a semicircle of 
52 inches inner diameter. The boilers are separated by a space 
8 inches wide in the clear, and the diameter of the top of the 
upper portion of the uptake is at the center of this space. 

From the top of the upper portion of the uptake rises the 
chimney, which, for each boiler, is a semicircle in cross section, 
of 52 inches diameter for a height of 14 feet above the top of the 
shell of the boiler. The diameter is formed by a plate of boiler 
iron. Above this height of 14 feet, the chimney is in common 
for both boilers, and has a circular cross section of 52 inches 
diameter. 
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The lower semicircular part of the chimney for each boiler is 
surrounded concentrically by a vertical steam drum, semicircular 
in cross section, 88 inches in diameter, and 14 feet in height 
above the top of the boiler shell. The forward point of the 
steam drum projects 13} inches over the forward end of the 
boiler. The width of the steam drum radially is 18 inches, in- 
cluding thicknesses of metal. 

Zach boiler has its own separa 5, safety 
valves, feed and blow valves, steam ai.. 2 gael 
it is covered with thick felt stitched on canvas .J prevent loss of 
heat by radiation. The crown sheets of the furnaces and the flue 
sheets are of steel; all the rest of the boilers is of wrought iron. 
The flues are all drawn seamless, the flue sheets being flanged 
to receive them. Each boiler is set in cast-iron chairs. 

The following are the dimensions and proportions of the 
boilers, namely : 





Number of boilers...... .occccse ss000s coscse ovens cvcces -eoces seveceree weccceees seeees 2. 
Extreme length, atthe si steam sin, feet es inches. « eeececeee sevees ove 21-6 
Extreme breadth of each boiler, feet and inches. ....ccece seseee seccccees sevece 8-6 
Extreme height of each boiler, exclusive of steam drum, feet and inches, 9-4 
Extreme height of each boiler, inclusive of steam drum, feet and inches.. 23-4 
Aggregate number of furnaces, in both boilers. ....... .cesccece sseee seseeseee 4. 
EER OF GRR TRICE, HII os ccs snccas: <cnaises esveau navencnes sates eeeuneds 433 
Length of each furnace, feet and inches. ....ccccsssceves sovces socece sovceeece coe 6-6 
Aggregate area of grate surface, square feet.,..,. -.+scceee seers seeeees ee ceceee 94 25 
Aggregate number of flues in the lower group, both boilers........ secsersee 20. 
Length of the flues of the lower group, feet...... citings - ohaaoueaia 10. 
Inner diameter of the flues of the lower group, inches...4 = 3s, 4 of 12, ~ 12 of II 
Aggregate number of flues in the upper group, both boilers.. ......000 «esse 32. 
Length of the flues of the upper group, feet and inches ......... ssseseee eves 16-9 
Inner diameter of the flues of the upper group, inches...... .0. sccsssees seeeee 9. 
Aggregate heating surface in the furnaces of both boilers, square feet..... 224.00 


Aggregate heating surface in the combustion chambers of both boilers, 

DTS TI ou daicen' 0b idbitae entis weiraninanans -nvtarsen gealewenmseeneat anes 116.00 
Aggregate heating surface in the ene er group a flues of both boilers, 

SNID DUE case, sntni ae gnevaiaasnce sbeskes.. peeveeeaesnnnehe eaneeitaeeds-a ieee 628.32 
Aggregate heating surface in the back smoke connections of both boilers, 

SEIN THE aise ncaa Shas ca cnn so cdaipties saute eats ieseenieeementaieaindate 304.00 
Aggregate heating surface in the upper group of flues of both boilers, 

Gabe, COOE:. 1... snuan: sb sues: devvss cucsavale: civeec auntie tinais calseteoetuntseauuens — (aE 
Aggregate heating surface in the uptakes of both boilers, square feet..... 112.76 
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Total water heating surface in both boilers, square feet..........ee000+-se002 2,648.00 
Aggregate cross area for draft on the bridge walls in both boilers, 


Square fect ...cccces voce $0 soeceecee oe z + soseceeee see 18.16 
Aggregate cross area fas draft neces: the fu a ‘the ‘ents group 5a 

both boilers, square feet... pane? ad mid conipalaainn sian 15.97 
Aggregate cross area for draft prantaery ‘the ‘fan a the upper group va 

SE, UII CUNINIIE UINOR. 6, ccctceeckie Adetins wodibuls Sew eel snbendens acsiuaasenatuiath een 14.14 
Cross area of the chimney, square feet ......00. .0000- seoccccce seeeceeeres soeesceee 14.75 
Height of the chimney above the grate surface, feet ...... ...ss0 -ccese sescesees 46. 
Inner diameter of the chimney, feet and inches.. health ceensdieiotidaln nadie thdaioet 4-4 
Total steam superheating surface in both b a square fect ania al sciioaibiiie 250. 
Distance traversed by the products of combustion from the center of the 

furnaces to their delivery into the uptake, feet and inches.......... ces 36-6 
Ratio of the water heating to the grate surface,........ secccsees seers sevceeees 28.095 
Ratio of the steam superheating to the grate surface ...,.cseeseceee econ. coeeee 2.652 
Ratio of the grate surface to the cross area above the bridge walls......... 5.190 
Ratio of the grate surface to the cross area of the flues of the lower group, 5.9c2 
Ratio of the grate surface to the cross area of the flues of the upper group, 6.665 
Ratio of the grate surface to the cross area of the chimney....... ......00 e+ 6.390 

SCREWS. 


There are two screws of cast iron, duplicates in all respects. 
Each screw is operated by its own engine, independently of the 
other. One screw is placed on each side of the vessel beneath 
the counter, and as far aft as possible without projecting beyond 
the sternpost ; the after side of the screw being in the same cross 
plane of the vessel as the after side of the sternpost. Each screw 
has four blades equispaced around its axis. The forward outer 
corner of the blades is quadrantally rounded with a radius of 17 
inches; the after outer corner of the blades is similarly rounded 
with a radius of 16 inches. With the exception of these curva- 
tures, the forward and after edges of the blades, viewed in pro- 
jection on a plane parallel with their axis, are nearly parallel, the 
mean length being 24} inches, from which the extremes do not 
vary more than 1} inches. The thickness of the blades at the 
fillet of the hub is 4} inches. The pitch is uniform throughout. 

The following are the dimensions and proportions of each 
screw : 


ROR OE Tire WRU COE inne ccsces ens neice: sshncssin catine cis contedai> catonecnk Os 
Diameter of the hub, feet ....0. secccecce ccoves cose ineeneteabiteaieatal mthieee Oe 
Pitch (uniform) of the screw, feet.....0. esse secocs cevescces eovcovese cocscn ces csees, SAE 
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Extreme length of the screw, £66? ..00cs csvess scvces coseseses soo sonseenes sescoe enase 2.14 
Fraction used of the pitch... ccccccccs sessee covcce covccvese eoess evopetes ccnaonsnecee’ SRO 
Helicoidal area of the screw, square feet.. ....s.see seceee sevees sescevees sroveeses 43°79 


Projected area of the screw on a plane at right angles to its axis, square 


feet....... piibeien abides Nateapak eakaieienignean So50aies iebhieg! ceipbaanh Siladiabn cones seine. ae 


WEIGHTS OF THE MACHINERY. 


ENGINES. Pounds. 





CUE I ctsioseenn wubeh dodecr ensue. 
Cant CRIRIR ain sks scnccdncs sctesanns Dorwesterqnnmsnbsssintersteptimwaeenassabigeseesnaneae SAE 
Wrought iron........ oe ceccccece eoccecces secces cocece cocwsecee sescecece coscceses cocesesooses §64 39490 
Wrought steel. ...... sccccsose os chine’ staan saisideieiesitatslocitigditedey come eine arebiahet aiiain akanité 1,877 


Brass tubes 11) COUNGGRSET .....0<..ccocvecser ccoscesss soceasess « 4,972 
Reversing gear complete. .... 2,276 
Circulating pump complete .......0+ sessscese secees cesses shinies hin ae. See 
Two donkey Stet PUMPS cos cocnss essere conse cocossnes cbsees coerce cepgecencossesenn S000 
Floor plates, flanges, cast-iron exhaust pipes, ‘dia, 2 OT 


Water in condenser and pumps, lagging, paint, putty, €tC.......cccceceeeseces ses 5,207 








Total weight of motive engines..........06 sese0e- coccccce covcccces seseeeees eee 205,000 

Or 91.518 tons. 

BoILeERs. Pounds. 

Wrought iron and steel in the shells of the two boilers. ........ 62,971 
Wrought iron flues in the two boilers... ......... se-00e ccssccece cosces socsencee coseeseee 1854.25 
Wrought iron braces in the two boilers, ...... 2.000. scccsoces csnsesese senscsess cocsesse —10)420 








Rivets, socket bolts, manhole and handhole plates, furnace doors, etc,..... soos 14,618 
Chimney, cap, and casing........ eneedes sbeves Sevens cunsunnnccepenbnens undoes concen senses 3,599 
Cast-iron grate bars, bearers, etc..... a 6,750 
Safety valves, stop valves, feed and wate wae es, a pans, floor sinin, etc... 14,394 
Copper steam pipes, feed pipes and blow pipes, etc....... evsnieeteorwizcescee aaa 


WR BR (RO: CG: BOT IIER ceases scapnncts cotecetns ies cote teineienetnaie. 
Hiaiy felt, petmt, DWRy, GRC. cerseces coscee ansvannes abtvioese cvvons snenie obdkoseve choveties. aw 


Total weight of boilers and appurtenances., .. .eccccee sesees serees seeeeeees 210,000 
Or 93.750 tons. 





SCREWS. Pounds. 
"FW CHet- BU SCCOG, ROG, WOE cic cenise wincasacunercctncs nstaes bebesins eee 
Or 3.616 tons. 

MISCELLANEOUS. 


Fire irons, ash chute, tools, stores, etc., POUNS. ...... secccses covsscces cocses cesses 2,500 





Total weight in engineer department, exclusive of coal, tons. 





Coe, SE icciecindacancete:: savendaknntrnecton cakes sestinide asetbaetkicstl wattaban adbddotie 138 


Total weight in engineer department, inclusive of coal, tons, ........sc000 . +0 328 





ALBATROSS. 
PERFORMANCE. 


The following table contains the data and results of the mean 
performance of the A/daiross at sea in light breezes and light 
swell, under the average conditions of practice, the hull being 
clean and the rate of combustion as great as can be permanently 
maintained with anthracite burned by natural draft. 

The steam pressures in the cylinders are the means obtained 
from several hundred indicator diagrams carefully taken from 
both ends of each cylinder under the conditions of speed of ves- 
sel, revolutions of the screws and consumption of coal, given. 

The piston of the steam cylinder of the independent pumping 
engine that supplied the surface condenser with injection water 
made 85 double strokes per minute during the performance in 
the following table, and developed 7.25 indicated horses-power ; 
but this power, though produced by steam from the main boil- 
ers, is not included in the indicated horses-power developed by 
the motive engines. If it be included, it will lessen by about 2 


per centum the cost of that power in fuel. 


Under the conditions of the performance, the combustion of 
one pound of crude anthracite in the furnaces of the boilers will 
vaporize 8 pounds of water. 


Table containing the data and results of the mean performance 
at sea in light breezes and light swell of the United States Fish 
Commission's steamer “ Albatross,” under the average conditions 
of practice, 1883 to 1886: 

VESSEL. 
forward .....00-0008 10-6 
MOR icnccusan ti-@ 
BEE cccce coerce ccecccee 12-6 

Vessel’s greatest immersed transverse section, in square feet ...... sessssess esses 203.787 

Vessel’s displacement, in tons of 2,240 pounds .......00 seecee seseeeses sresesseeees 953-824 

Immersed external or wetted surface of hull, in square feet. ...... ..se00 ese: « 79175-000 


ENGINE. 


Steam pressure in boilers, in pounds per square inch above the atmosphere. 52.8 
Steam pressure in receivers, in pounds per square inch above the atmosphere. 7.0 
Vacuum in condenser, in inches Of Mercury. .....ceee sescsesees sevsesees sosseseessee 24.0 
Proportion of throttle-valve Open ...... sessceres sossssece seseseees seeves seeees seeeees:« 0.68 
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Number of double strokes of the pistons made per minute.,..... ..es0s sessesses 
Atmospheric pressure, in pounds per square inch above Zero......-+++++ seeese 
Fraction completed of the stroke of the pistons of the small cylinders when 
the steam Was Cut Off 0.000 c..ccc covccoeee cossescecseceses cosces cosces eocnes concen sooes 
fraction completed of the stroke of the pistons of the small cylinders when 
the steam was released ...... .cccccce eoscee coseccecs s00000 soccccces cocce soeeesere cee 
Fraction completed of the stroke of the pistons of the small cylinders when 
the steam was cushioned........+.ssececeeree sovcccees senses sees 0 sesees coves soseees 
Fraction completed of the stroke of the pistons of the large cylinders when 
the steam was Cut Off: ...... cocccs covccesee oneee ceeccoe soccer encene sccere encceserces 
Fraction completed of the stroke of the pistons of the large cylinders when 
the steam was released........00 sccccces sesse.cee seosevees sovecccee secccees seeeee ces 
Fraction completed of the stroke of the pistons of the large cylinders when 
tine: SRORRD: WORD CHINN oasis: 0580005: attunin sonsnesée vornbonns sntecs otaniotbeioben 
Number of times the steam was expanded ,..... ....4. se+0 ¢ eeccee secces coceee cvceee 


TEMPERATURES. 


Temperature, in degrees Fahrenheit, of the atmosphere,.........+01 sesees seeese 
Temperature, in degrees Fahrenheit, of the engine room,...., ...000 cesses sseeee 
Temperature, in degrees Fahrenheit, of the injection water...........c+0 sees 
Temperature, in degrees Fahrenheit, of the discharge water. ........40+ss0ssess 
Temperature, in degrees Fahrenheit, of the feed water...... ooe be ceecerees coeees 


STEAM PRESSURES IN SMALL CYLINDERS PER INDICATOR. 


Pressure on pistons of small cylinders at commencement of their stroke, in 

pounds Per Sqaare INCH AHOWE LET cissees, senses ncdscsecenkseasn vechsesiocentasese OGiSE 
Pressure on pistons of small cylinders at point of cutting off the steam, in 

pounds per square inch above Zero ........s00+ cesses sees on iveinnpnirsesemesen. Gaaily 
Pressure on pistons of small cylinders at the end of their stroke, in pounds 

DOE AGUATS INCH GUUS BELO vc ccersn sconce céocei cen csceds. sonverqnedis cosentees toreocese 4O:4G 
Mean back pressure against pistons of small eerste poly their stroke, in 

pounds per square inch above ZeL0 .ccccccericve ~c0seseos cocvencce eoee cee cevesees 22.62 
Back pressure against pistons of small cylinders at the eile where the ade 

ioning began, in pounds per square inch above zero seesseee covsseee 20.32 
Indicated pressure on the pistons of the small geen: in pounds per 

SQuare inch ...00. cece cveees PO ESE RO RT 2 BS EC SN Ne St gE 
Net pressure on the _ pistons of the anal glade, in ssanteile per square 

eae o'ancons ensibes samesens aumbendadion EGLO 
Total pressure on the pistons of the small cylinders, codmive of cushion- 

ing, the back pressure being reduced in the ratio of the length of the 

stroke of the pistons to the fraction completed of the, stroke when the 

steam was cushioned, in pounds per square inch above Zer0........ .«seeees 


Mean back pressure against the pistons of the small cylinders, exclusive of 


cushioning, during the remainder of their strokes, in pounds per square 
Inch ADOVE ZETO..cccccce soocccces cascccces veesccece sovves concer eonescees eoeves soveneese 
Mean pressure of the expanding steam alone after the closing of the cut-off, 
in pounds per square inch above Z€TO,,.... ..++0 sevees vveses oosvevees soeses seeees 


85 
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STEAM PRESSURES IN LARGE CYLINDERS PER INDICATOR. 


Pressure on pistons of large cylinders at commencement of their stroke, in 
pounds per square inch above zero...... ....0.. ccece 

Pressure on pistons of large tates s at ¢ polat of cutting a ies steam, in 
pounds per square inch above Zer0......... +++ oe. evens 

Pressure on pistons of large cylinders at the er of their shi in pounds 
per square inch above Z€r0....., ..eeee sees 

Mean back pressure against pistons of louse cylinders during their stroke, 
in pounds per square inch above zero 

Back pressure against pistons of large cylinders at the point where the cush- 
ioning began, in pounds per square inch above zero 

Indicated pressure on the pistons of the large cylinders, in pounds per 
square inch.,..... ssseee oe dine coneacien tbebe feoenans 

Net pressure on the pistons of the large cylinders, in pends per square 
inch,, 

Total prams on the paar sastaons remaining of the pistons of the large 
cylinders after deducting from the areas of those pistons the areas of the 
pistons of the small cylinders; the back pressure being reduced in the 
ratio of the length of the stroke of the pistons to the fraction completed 
of the stroke when the cushioning of the steam began, in pounds per square 
inch above zero.,.....0.- cvccccece cocceee 





Mean back pressure npoorvon the pistons of the lange cylinder, exclusive of 
cushioning, during the remainder of their strokes, in pounds per square 
ENCE BDGVE BETO, .cee cossise coocee seocesees coonse eveses covces cocsee eveces voececees coecee 

Mean pressure of the expanding steam on the annular surfaces remaining of 
the pistons of the large cylinders after deducting from the areas of those 
pistons the areas of the pistons of the small cylinders, and during the entire 
stroke of the pistons, in pounds per square inch above Zer0......scccces seseee 


HORSES-POWER. 


Indicated horses-power developed in the small cylinders..,.........s000 

Net horses power developed in the small cylinders....... oo eoceeeees 

Total horses-power developed in the small cylinders.......... a locibacapheaeniiaigilone 

Total horses-power developed in the small cylinders by the expanding 
Steam BONE ...... soccce cevsscce secressesen coscesses socces connes coceee conse oened oneene 

Indicated horses power developed in the large cylinders..,...... seses, sseseeses 

Net horses-power developed in the large cylinders,............ seeds « 

Total horses- power developed in the large cylinders, vn the annular cadens 
of their pistons remaining after deducting from the areas of these pistons 
the areas of the pistons of the small cylinders. ....., ...... seseces seoes 


Total horses- power developed in the large cylinders no the anviiies 4 steam 
acting upon the annular surfaces of their pistons remaining after deduct- 
ing from the areas of those pistons the areas of the pistons of the small 
CHE iachnnin since eeneiiveier sins tensetins vitbadntes die oo eaeees oe 

Aggregate indicated horses-power developed by the seutnen.., aahaenedd cabo 

Aggregate net horses-power developed by the engines...........-cssessses seeees 

Aggregate total horses-power developed by the engines...... ...s0+ seseses se 
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WEIGHT OF STEAM ACCOUNTED FOR BY THE INDICATOR. 


Number of pounds of steam present per hour in the small cylinders at the 

point of cutting off the steam, calculated from the pressure there... ........ 7,230,085 
Number of pounds of steam present per hour in the small cylinders at the 

end of the stroke of their pistons, calculated from the pressure there...... 7,557-435 
Number of pounds of steam condensed per hour in the small cylinders to 

furnish the heat transmuted into the total horses- power developed by the 

expanding steam alone in those cylinders. ...... .ssc0 seseosereceess sessseccsese 525-413 
Sum of the two immediately preceding quantities... ........es0e esses seveee eee 8,082,848 
Number of pounds of steam present per hour in the large cylinders at the 

end of the stroke of their pistons, calculated from the pressure there..... 6,151.365 
Number of pounds of steam condensed per hour in the small and large 

cylinders and in the receiver to furnish the heat transmuted into the total 

horses-power developed in those cylinders by the expanded steam alone 

after the closing of the cut-off valve on the small cylinder.............06. «+. 1,088,019 
Sum of the two immediately preceding quantities ...... ......scseee seee. seeeee eee 79239 383 


EQUIVALENT PRESSURES ON THE PISTONS OF THE LARGE CYLINDERS. 


Indicated pressure in pounds per square inch that would be on the pistons 
of the large cylinders were the indicated pressure on the pistons of the 
small cylinders divided by the ratio of the area of the small to that of the 
large cylinder, and the quotient added to the experimental indicated 


pressure on the pistons of the large cylinders....., .....1+sscesessceseee soncesees 
Net pressure in pounds per square inch that would be on the pistons of the 
large cylinders similarly calculated to the immediately above. ....0....+++0 
Total pressure in pounds per square inch above zero that would be on the 
pistons of the large cylinders corresponding to the total horses-power 
developed by the engines......... ... sckecasitaenhaidhe ati 
Back pressure in pounds per square inch above zero that would be against 
the pistons of the large cylinders corresponding to their experimental 
back pressure plus the difference in pounds per square inch between the 
back pressure, exclusive of the cushioning, against the pistons of the small 
cylinders and the mean pressure between the commencement of the stroke 
of the pistons of the large cylinders and the point of cutting off in the 


BRIS CHNACG snes 5: 4ios ceccece sncennnse $90085080 2560 onsen phenenden sobeeeash eneres 
RATE OF COMBUSTION. 


Number of pounds of anthracite consumed per hour,, ....,.....4 « seseseses seees 
Number of pounds of refuse from the anthracite in ash, clinker, dust, etc... 
Number of pounds of combustible or gasifiable portion of the anthracite 
consumed per hour.,.... adtencnee snenteoce cvneus cunoniensteshe qiabaiebionagsvess 
Number of pounds of anthracite consumed per hour per square foot of grate 
SUUTR IC. 00500 accosnees sveens sennesionntce ceenins. pune! Gab endlitesen Getniemateee epnahbienbisin 


Number of pounds of combustible consumed per hour per square foot of 


GMO CONTRO or conccs vinnie cocccoes concenens eoncovenesibeses enadaneds excise mnbian' tenes 
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Fraction of a pound of anthracite consumed per hour it square foot of 
heating surlace ....20 c.ccce coscesese coosecese 00 0-00 eecccceces coer eceee see cocccsecs 
Fraction of a sued of combustible consumed per bene ¥ per square foot of 
heating surface soecceees eoeee soecee cocee covcee soceee cocese 
Per centum of the anthracite in refuse of ak clinker, dum, Se 


ECONOMIC RESULTS. 


Number of pounds of anthracite consumed per hour, per indicated horse- 
power.. eeeee renee OOo Ce eeee ce eees FOFFEe teases He eeee HeeFEe seeeee © eeeee ceseeeee 
Number of pounds of eutteediie consumed per hour, per net horse-power.. 
Number of pounds of anthracite consumed per hour, per total horse-power.. 
Number of pounds of combustible consumed per hour per indicated horse- 


power.. eeeeee seeeeeeed eeeeeeees sonseees 8 ee eeee eeeees o0ee soeeeecese 
Number ad. ain of combustible commana per how per net eum -power., 
Number of pounds of combustible consumed per hour per total horse-power, 
, 


SPEED. 


Speed of the vessel per hour in geographical miles of 6,086 feet............ 9.3750 
Slip of the screw in per centum of its speed (pitch 14 feet 10 inches)........ 14.5207 
Speed of the screw per hour in geographical miles of 6,086 feet........ 10.9678 
Slip of the screw per hour in geographical miles of 6,086 feet 1.5928 


DISTRIBUTION OF THE POWER. 


In the following calculation of the distribution of the indicated 
horses-power developed by the engines, there is first deducted 
from that power the horses-power required to work the engines 
per se or unloaded. Then from the remainder, called the net 
horses-power applied to the crankpins, there are deducted the 
horses-power absorbed by the friction of the load, calculated at 
74 per centum of the net horses-power; and.the horses-power 
required to overcome the surface resistance of the screw blades 
to the water, calculated for a resistance of 0.45 pound per square 
foot of helicoidal surface moving in the water with the velocity 
of 10 feet per second, increased in the ratio of the square of the 
experimental velocity to the square of 10; and the new remainder 
is divided between the power expended in the slip of the screw 
and in the propulsion of the vessel, in the ratio of the speed of 
the slip to the speed of the vessel. 
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s  :iliaieains Per centum of 
sey the net 
| power. 

horses power. 


Indicated horses-power developed by the engines............| 363 760 
Horses-power required to work the engines and shafting, 
se mteucek - Se 


Net horses-power applied to the crankpins.............. ¢ res080 324.354 or 100 0000 


Horses power absorbed by the friction of the load.......... 24.327 7.5000 
Horses-power expended in overcoming the surface resis- 

tahce of the screw blades to the water.,, veco] 90.858 11.7643 
Horses- power expended in the slip of the s screw 38 025 11.7234 
Horses power expended in the propulsion of the vessel.....| 223.844 69 0123 


Totals 324.354 or 100.0000 


THRUST OF THE SCREWS. 


The thrust of the two screws during the foregoing perform- 
ance of the vessel, can be calculated from the speed of the vessel 
and the data in the above distribution of the power. The horses- 
power required to propel the vessel is therein found to be 
223.844234, equal to (223.844234 X 33,000 =) 7,386,859.722 
foot-pounds of work per minute. The speed of the vessel was 9.375 

(9.375 X 6,086 __ } 
n 60 Fad 
950.9375 feet per minute; consequently, the resistance of the 
vessel at this speed, or its equivalent, the aggregate thrust of the 


screws, was & 380,859.7 a= 7,767.976 pounds, 


950.937 
The foregoing data er results have been compiled by the 


writer from the notes furnished to him by Chief Engineer Geo. 
W. Baird, U. S. Navy, under whose superintendence the ma- 
chinery of the A/éatross was constructed, and who was her 
chief engineer for several years afterwards. The performance 


geographical miles of 6,086 feet per hour, or 


given was made with the original flue boilers. After they were 
removed, horizontal fire-tube boilers with the tubes returned 
above the furnaces were designed by Chief Engineer Baird and 
substituted with the most satisfactory results, the speed of the 
vessel and the economy of the fuel being thereby considerably 
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increased, while the space and weight saved were of the greatest 
value for the purposes of the vessel. 

Chief Engineer Baird’s notes were copious and accurate; his 
observations of the vessel’s speed, consumption of coal, power 
developed, etc., can be implicitly relied on. The indicator 
diagrams were carefully taken and very numerous, correspond- 
ing to the other data. 

Among the many interesting experiments made by Chief En- 
gineer Baird on board the A/datross was one determining the 
cost of the electric light of that vessel in foot-pounds of work 
done per unit of time. 

The experiment was made by taking indicator diagrams from 
the cylinder of the dynamo engine when its shaft was making 
300 revolutions per minute, computing from the mean indicator 
pressure, and subtracting from that quantity the pressure re- 
quired to overcome the friction of the moving parts of the engine 
when the latter was unloaded, a friction due alone to the weight 
of these parts and to the quality of the lubrication, the remainder 


being the net pressure applied to the crank pin of the engine. 
From this latter pressure there is then subtracted 7} per centum 
of itself for the pressure required to overcome the friction of the 
load, the remainder being the pressure applied to the generation 


of electricity. 

The friction of the load depends, of course, on the quality of 
the lubrication, like the friction of the moving parts, per se, of 
the engine. The latter friction can be measured directly by 
indicator diagram taken from the cylinder when the engine is 
unloaded, but the former friction can only be determined by in- 
dependent experiment on the friction of well-lubricated metallic 
surfaces loaded and moving on each other. 

The dynamo engine consisted of a single direct-action cylin- 
der fitted with piston valves cutting, off the steam by lap, and 
having the following dimensions : 

A GE OID aa cataeretinteh sovtnceee sodeig ox: 2106s vedas boese Keath’ shane neoretens 
RE GE Cie GI IIIOO deinen inp ccen 1ndcsdsenscenen scsceanedcepbertbntpiecte 
UN Or INE RUINED DI, TIN ince scans eiasak cededyanicecs.codpee teens. ehoaeennnee 13 
Or Fae NN is inaatchode entitcien. concndecs accnninae snadbbeonace ecncie omnes 10 

Net area of the piston, exclusive of area of piston rod, square inches..,. ....... 56.0027 
Space displacement of the piston per stroke, cubic fOOt......000 sese0e seeeee seeeee 0-324 
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This engine was driven at the uniform speed of 300 double 
strokes of piston, or revolutions of the shaft, per minute. The 
reciprocating speed of the piston could not be allowed to fall 
lower, but the resistance overcome by it could be made variable 
so as’ to maintain that speed under all conditions, which was 
necessary to the maintenance of the light. 

The electric light in use during the experiment consisted of 
51 Edison house lights, each being of 16 standard candles power 
and equivalent to the light from 5 cubic feet of gas consumed 
per hour in an ordinary burner. 

Thirty-one indicator double diagrams were taken from the 
steam cylinder, and the mean pressure from all was accepted as 
the indicator pressure exerted during the experiment, the cor- 
responding reciprocating speed of piston being 300 double 
strokes per minute. 

The results obtained by Chief Engineer Baird'were as follows: 


Number of double strokes of piston made per minute............ 206 seeeee 300. 
Mean indicated pressure in pounds per square inch on ‘the stele 7-32 
Pressure in fractions of a pound per square inch of piston required 

to overcome the friction of the working parts, fer se, of the engine.. 0.82 
Net pressure on the piston in pounds per square inch 6.50 
Pressure in fractions of a pound per square inch of piston required to 

overcome the friction of the load (6.5 0.075 =) ....eceee ntuiilning tala 0.4875 
Pressure in pounds per square inch of piston applied to the production 

of the electric light (6.5—0.4875=)... «06 pik nded avanian-eshuipeibinedalanme 6.0125 
Number of foot-pounds of work applied per minute to the production 

of the electric light 168, 358.1229 
Number of foot-pounds of work applied per minute to the production 

of one electric Edison house light......... ...++. 100 cesececes soceececs 3,301.1366 
Number of foot-pounds of work waited per minute to the production 

of a quantity of electric light equal to that of one standard sperm 

candle ; 206.3212 
Number of indicated horses-power developed by the engine ‘ 6 2112 
Number of net horses-power developed by the engine 5-5154 
Number of precede applied to the production of the electric 

i intcbis: iecyee senitsinghnks cocee coveccce, ove 5.1017 
Number i” horses-power nuneel - the friction ‘a the mechanism., 1,1094 
Per centum which the horses-power, applied to the production of the 

electric light, is of the indicated horses-power developed by the en- 


82.138 
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Number of electric Edison house lamps maintained per indicated horse- 
power developed by the engine...........sccssess sesee 


eter eoneesees 


Number of electric Edison house ‘temps wndanehesd 1 per net horse- 


power developed by the engine...... cos cecece nine scheeknas 


Number of electric Edison house lamps maintained per roe ~~ one 

horse-power applied to the generation of electricity for the same.... 
Number of standard sperm candles required to yive the quantity of 

light equivalent to the electric light produced by one horse-power 

applied to the generation of electricity for the same .....00. .cseesese ee 159.9488 
Number of cubic feet of illuminating gas required to give the quantity 

of light equivalent to the electric light produced by one horse power 

applied to the generation of electricity for the same 49 9827 


Assuming one pound of coal to produce when retorted 
cubic feet of illuminating gas, which, when consumed in an or- 
dinary burner, would generate the light of 16 standard sperm 
candles; and assuming that the best triple-expansion steam 
engine worked at the highest practicable pressure and using its 
steam with the maximum economy obtainable from expansion, 
produces the horse-power applicable to the generation of elec- 
tricity for 1} pounds of coal consumed per hour (equivalent to 
about 14 pounds of coal consumed per hour per indicated horse- 
power developed by the engine), then equal quantities of light 
would be obtained for 1.5 pounds of coal by the use of elec- 
tricity, and for 1 pound of coal by the use of. illuminating gas. 
But the commercial value of the bye products recovered in the 
gas manufacture, namely of a pound of coke for each pound of 
coal, besides the ammonia water and liquid hydro carbons per 
pound of coal, is so considerable as to reduce the coal cost of 5 
cubic feet of illuminating gas to about one-third of a pound, 
making the coal cost of equal quantities of light generated by 
electricity and by gas in the ratio of 14 for the former and 4 for 
the latter; that is to say, the same quantity of light generated 
by electricity costs in coal value 4$ times as much as when gen- 
erated by illuminating gas. The money first cost and after 
maintenance of equal light-producing electrical and gas plants, 
are very much greater for the former than for the latter. 

The gas production of one pound of coal given in the above, 
is barely the practical average obtained, while the power produc- 
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tion of one pound of coal is taken at a rarely equaled maximum. 
As a practical round result the cost of producing a given quantity 
of light by electricity may be taken as five times as much as by 
ordinary illuminating gas, according to the experimental data. 

The foregoing computations suppose the usual mixture of 
ordinary bituminous and cannel coal for the production of gas. 
If water gas be used, there are no bye products, but the lower 
cost of the pea sized anthracite screenings used in that case more 
than compensates their value, otherwise water gas would not be 
generated by preference. 

The philosophical conclusion is that a very little electricity is 
the eqivalent of a great deal of heat, when the conversion is pro- 
duced through the instrumentality of a steam engine. 
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AIR PUMPS. 


By Passep ASSISTANT ENGINEER F. H. Baitey, U. S. Navy. 


In the maintenance of a good vacuum, the air pump is but one 
of three factors, the other two being air leakage and condensa- 
tion. Of these three factors, air leakage is of quite as much 
importance as the size or style of the air pump; for, as will 
be seen later, it really determines the size of the pump. The 
utmost care should be taken to keep all stuffing boxes and valves 
about a condenser through which air may leak as tight as pos- 
sible. These are properly details which belong to the manage- 
ment of the machinery. The designer can go no farther than 
to reduce the number of drains, auxiliary exhaust pipes, etc., 
connecting with the main condenser, to a minimum. 

In designing the condenser the exhaust steam should enter 
at the top and as far away, measuring in the course which the 
steam has to travel from the air-pump nozzle, as possible. If 
necessary, baffle plates should be freely used to make the ex- 
haust sweep over every part of the condensing surface. By fol- 
lowing this plan all the cooling surface is rendered effective, and 
the air which enters with the steam accumulates to the greatest 
extent where it is being pumped out. An ideal condenser would 
be a pipe like a keel condenser, for here, as the steam and air 
enter at one end of the pipe and flow along, the steam is con- 
densed, leaving an ever increasing percentage of air until the 
pump is reached, when we have the maximum percentage of air 
and the minimum of steam. 

The pressure inside of a condenser is practically uniform, and 
is indicated by the vacuum gauge. It is the sum of the pressure 
of the air and the pressure of the steam. The pressure of the 
steam is always that due to its temperature. We can, therefore, 
analyze the vapor in the condenser at any point by means of the 





AIR PUMPS. 519 


vacuum gauge, the thermometer and our steam tables. Thus, 
if the temperature of the vapor in the channel way of a condenser 
was 110 degrees and the absolute pressure 2.58 inches of mer- 
cury, we would know that no air was present; but if the pressure 
was 3.58 inches, we would know that there were 2.58 parts by 
volume of steam to one of air. 

The principal office of the air pump is to prevent the water 
and air from accumulating in the condenser. The volume of 
water is so small in comparison with the volume of air to be re- 
moved from the condenser, that it is not taken into consideration 
in determining the required displacement of the air-pump piston 
per minute. This is shown by the following example: Taking 
the capacity of our air pumps at .2 of a cubic foot per I.H.P. per 
minute, and assuming that our engines use 15.5 pounds of water, 
or $ of a cubic foot per hour, we have } X gy = x44 of a cubic 
foot per minute, only enough to fill zy of our cylinder each stroke. 

We gain nothing by pumping the steam out of our condenser. 
It would be better for it to remain and be condensed, but it is 
mixed with the air, and incidentally we pump some of it out 
along with the air. The amount of air depends so largely on 
leakage, which in turn depends on the care with which the ma- 
chinery is looked after, that the actual capacity of a pump neces- 
sary to produce a given vacuum would vary from day to day 


just as the leakages varied. Now, here is where the independent 


air pump shows one of its several advantages. We can vary its 
speed as we wish to suit the necessities of the case. When the 
pump is attached to the engine it should be made of sufficient 
size to give a fair vacuum at the ordinary speed of the engines. 
It will then be found to be larger than necessary for high speeds, 
and too small at low speeds. This is owing to the fact that 
many of the air leaks increase as the steam pressure falls. Some 
air is, of course, pumped in with the feed water, but the great 
mass of air, where surface condensers and float valves on the feed 
suctions are used, comes through leaks. 

A good average value for independent air pumps for men-of- 
war is .2 of a cubic foot displacement of air-pump piston per min- 
ute for each ILH.P. When the pump is attached to the engine 
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this capacity should be increased about 50 per cent. for full power- 
In actual practice some pumps are made with double this capac- 
ity, while others have only about one-half as much. As we 
shall presently see, the size may be varied considerably without 
making a very marked change in the vacuum produced. With 
careful attention to air leaks much smaller pumps may be used 
and good results obtained, while with leaky piston rod stuffing 
boxes much larger pumps will not give a good vacuum. 

The foot valves are raised by the pressure of the air, water and 
steam in the condenser. Let us see how much pressure we have 
to do this. If there were noclearance we would have the whole 
pressure in the condenser to raise these valves; but no air pump 
is made without clearance, and many of them have large clear- 
ances. In well designed pumps this clearance is filled with water, 
and we will assume that it is inthis case. When the piston begins 
to move, a partial vacuum is formed behind it, the amount of 
which for one thing depends on the temperature of the water, ° 
since the water will boil and fill this space with steam due to 
its own temperature. To illustrate this I have worked out an 


example. Assume the clearance at 10 per cent. and the dis- 
placement of the piston at I cubic foot, and the temperature of 
the water filling the clearance spaces at 120°. The water will 
weigh 6.25 pounds. When the piston moves to the other end 
of the stroke (supposing the foot valves to remain closed) some 
of the water will evaporate, filling the space behind the pis- 
ton with steam. We will have 1 cubic foot of steam, and a cer- 


tain amount of water of a somewhat lower temperature than 
before, but the water and steam together will have the same total 
weight and heat as before. A cubic foot of steam at this 
temperature contains about 5 thermal units of latent heat. We 
have therefore reduced the temperature of the water by about 
5 + 6.25 =.8 of a degree, which corresponds to a reduction of 
pressure of less than .04 of a pound, or .08 of an inch of mer- 
cury per square inch. In other words, if no air were present 
there would be less than .04 of a pound pressure per square 
inch to lift the valves when the vacuum gauge showed an abso- 
lute pressure of 1.685 pounds per square inch, or a vacuum of 





AIR PUMPS. 521 


26.6. The water would not help to raise the valves until enough 
had accumulated behind them to exert a sensible pressure. This 
could only occur when, for some reason, the valves had failed to 
lift for a number of strokes. If air sufficient to produce a pres- 
sure of one inch of mercury had been present in the condenser, 
and the temperature had remained the same, we would have had 
just so much more pressure operating to open the foot valves. 
The vacuum would have shown less than 26.6 by just one inch, 
or it would have read 25.6. A 26 inch vacuum is not unusual, 
and this shows how little force we have to lift our foot valves 
when we have a good vacuum—only about .7 of an inch of mer- 
cury. With the same temperature and a 24-inch vacuum, we 
would have about 2.7 inches of pressure, or about four times as 
much as before. 

Our foot valves having opened, the cylinder will fill with water, 
air and steam, the total pressure being less than that in the con- 
denser by the loss due to friction, and the pressure required to 
lift the foot valves. As the piston begins to return and com- 
press the contents of the cylinder, the water, being incompressi- 
ble, retains the same volume until the delivery valves raise. The 
steam remains at the pressure due to its temperature, and the vol- 
ume of water in the cylinder is so great that the temperature 
can not rise much, so that the steam is almost entirely con- 
densed without increasing its pressure materially. The air will 
be steadily compressed as the piston returns, the pressure rising 
according to Mariotte’s law. If we had at the begininng of the 


return stroke sufficient air present to produce a pressure of I 


inch of mercury and a water temperature to produce a pressure 
of 3 inches, and the discharge valves lifted at 30 inches, the de- 
livery valves would raise when the space not occupied by water 
had been reduced to 3, of its original volume, and there would 
be discharged, assuming all the clearance space filled with water, 
x, of the original volume of air at a pressure of 27 inches and 
#7 of the original volume of steam at a pressure of 3 inches of 
mercury. This is based on the assumption that the temperature 
remains constant, and this is true in the great majority of cases, 
although there may be some cases where the water has failed to 








522 AIR PUMPS. 


keep the temperature, and consequently the pressure, from rising 
faster than this assumption would indicate. Our pressure would 
vary from 4 inches at the beginning of the stroke to 30 at the 
end, an increase of 750 percent. This is shown on the appended 
card (A), where the two broken lines represent the water and 
steam respectively, the dotted line the air, and the full line the 
sum of the air, water and steam. 

In practice, our pumps do have more or less clearance not filled 
with water. Its effect is to reduce the efficiency of the pump, or 
the amount of vacuum which the pump could produce :—thus 
with noclearance, the limit would be a perfect vacuum; with the 
clearance filled with water it would be that due to the tempera- 
ture of the water. With a clearance equal to C,a volume atthe 
beginning of the stroke equal to V, the pressure of the steam 
due to its temperature Z, and the total pressure at discharge P, 

2 
the limit of the vacuum produced will be Ca a 4 p. For 
example, let the clearance C = ;}; V, and the pressure of the steam 
be 3 inches of mercury, and the pressure of the discharge 20 
pounds absolute, or 40 inches of mercury, the limit of the vacuum 
(40—3)V 
10 V 
23.3 per gauge. A single-acting air pump with foot, bucket and 
delivery valves as commonly used would do very much better, as 
the above would represent only that part of the pump between 
the bucket and delivery valves. The action of the part between 
the foot and bucket valves would be the same, only the pressure 
of discharge would be very much lower, rendering the effect of 
clearance very much less. Allowing the same ratio of clearance 
as above, we would have for that part of the pump between the 
(6.7 — 3) 

10 V 
by gauge. It will be noticed that in this case the limit is only 
.37 of an inch of what could be obtained without any clearance. 
It also shows why so much better results are often obtained 
when double-acting pumps are converted into single-acting ones, 
notwithstanding the fact that their capacity is reduced one-half. 


which we could produce would be + 3=6.7, or 


the foot and bucket valves + 3 = 3.37 absolute or 26.63 
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As air and water are all we care to pump out—in fact, the most 
of the steam becomes water before it is pumped out—water 
makes a very good filling for the clearance spaces, but the above 
shows how necessary it is to avoid all pockets, however small, 
where air can collect without being expelled at each stroke. 

We cannot build our pumps without clearance, and in trying 
to fill these spaces with water the speed becomes important; for 
when a certain speed is reached the water begins to get churned 
up or mixed with air bubbles, and of course no longer makes a 
solid filling for the clearance. In high-speed pumps the water 
is undoubtedly thrown from the piston of the pump as the piston 
is retarded by the action of the crank near the end of the stroke. 
This causes more or less of the water to be thrown out through 
the delivery valves, instead of remaining to fill up the clearance 
of the pumps. The clearance spaces are more easily kept filled 
with water in vertical pumps than in horizontal ones, and since 
clearance space is less harmful in single-acting pumps than in 
double-acting ones, high-speed pumps should be made single 
acting and vertical where possible. The speed at which a pump 
can be run and give good results depends somewhat on the de- 
sign, but the efficiency of a double-acting pump may be expected 
to begin falling off when a piston speed of from 100 to 200 feet, 
depending on the length of the stroke, is exceeded, Such pumps 
are often attached directly to the engine, when, of course, they 
have very much higher piston speeds, generally the same as the 
steam piston, but in such cases they do not usually give very 
good vacuum. Vertical single-acting pumps can be run con- 
siderably faster. A piston speed of from 400 to 500 feet should 
give fair results. 

It is impossible to lay down any hard and fast rule fixing the 
size of an air pump. It depends on air leakage, which is an 
uncertain factor. Fortunately for us, however, the size can be 
varied greatly without making a very great change in the vac- 
uum. A good air pump should maintain a vacuum within one 
inch of that due to the temperature of the condenser; or with the 
temperature of the air-pump discharge, which is generally taken 
instead of the condenser, of 120°, 25.6 would be a good fair 
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vacuum. Probably the efficiency of a pump working with as 
good a vacuum as this would not be more than 50 per cent., as 
it would take about a half inch of air to raise the valves and to 
overcome friction. Doubling the size of the pump would dimin- 
ish the pressure of air in the pump, or in the condenser, above 
that required to lift the valves just one-half. Since we require a 
half inch to raise the valves, the vacuum would be increased but 
finch. Ina similar manner it can be shown that with a pump 
of only half the capacity our vacuum would fall off but half an 
inch. The annexed table of air data shows how little the mere 
size of the pump has to do with the vacuum, provided the pump 
is not very much too small. Too large a pump is more objec- 
tionable than too small a one, for not only are they heavy, 
occupy more space and take more steam, but they are more 
irregular in their action. We have already seen how little force 
we have to lift our foot valves, and the better the vacuum the 
less force we have. If our pump is too large there may be times 
when these valves will not lift for several strokes, allowing the 
channel ways to fill up with water, and then when the pump does 
act it is flooded. When doing no work it speeds up, and when 
it begins to work again it is flooded with water, slows down and 
may even stop. A capacity of .2 of a cubic foot per minute for 
each indicated horse power on the full-power trial is ample for 
vertical single-acting pumps. A capacity of one-third this has 
given good results on one of our largest ships. 

The area through the bucket valves should be made as large 
as possible, as these pumps may have to pass almost solid water. 
The velocity of flow ought not to exceed 1,000 feet per minute. 
If the bucket is not large enough to admit of so low a velocity, 
then the stroke should be shortened and the diameter increased. 
The foot valves should have the same area as the bucket valves, 
but the delivery valves may have a larger area with advantage. 
Pumps are almost always broken, when they do break, from too 
much water, so that as free an exit as possible should be pro- 
vided for the water. Circular valves are the best. They should 
be from 4to 7 inches in diameter. They should be madeas light 
as possible and held down to their seats with a conical spring of 
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brass wire. Hard rubber isa very satisfactory material for valves, 
and is largely used for that purpose. Sheet manganese or phos- 
phorus bronze also makes very good valves. When made of 
this material each valve is made of three thicknesses of different 
diameters, the smaller being put on top. The middle and upper 
sheets are perforated to allow for water lubrication. Heavier 
cast valves have been tried, but the result was far from satisfac- 
tory. The lift of the valve is important at high speed, and 
should vary from } to $ of an inch. Too large a lift prevents 


the valves from closing quickly and is likely to make them pound 
at high speeds. 


Professor I. N. Hollis, of Harvard University, who was form- 
erly an assistant at the Bureau under Engineer-in-Chief Melville, 
has devised an improvement for double-acting air pumps which 
will undoubtedly double their efficiency at high speeds. It will 
be tried on the U.S. S. Hartford when she is re-engined. It 
consists in connecting the clearance spaces at each end of the 
pump with the barrel of the pump by means of ports cut through 
the liner. These ports are cut so that the piston overruns them 
at each end of its stroke by about half an inch. The effect is to 
put the two ends of the pump in communication and allow the 
pressures in the two ends to equalize before the piston returns. 
The pressure behind the piston is reduced to almost that of the 
condenser, so the foot valves begin to open almost as soon as the 
piston begins to return. It has the same effect as reducing the 
clearance. The Hartford's pump is shown on plate I. 

Another scheme is to cut a port in the center of the barrel, 
which is always in chmmunication with the condenser. The 
piston is made equal in length to the stroke less the width of 
the port, and overruns the port at each end of the stroke. This 
allows free communication at each end between the condenser 
and the pump so that the pump barrel is sure to be filled each 
stroke, and it does away with foot valves. As the piston returns 
it covers the port and imprisons all the contents of the cylinder, 
which are discharged at the end of the stroke. Clearance is 
reduced toa minimum by making the ends of the piston flat and 
the barrel of such a length that the piston just comes flush with 

36 
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it. One large delivery valve covers each end of the cylinder: 
This pump is especially suitable for high speed and small sizes. 
The cylinder must fill each time, and if it should fill with water 
it can not break down, since the whole end of the pump comes 
off. In large sizes small valves of the usual pattern should be 
put in the ends. These valves would open under ordinary cir- 
cumstances (having lighter springs) while the large valve would 
open in case there happened to be a larger quantity of water 
than usual present. This style of pump is now being used on 
our steam cutters, and will also be used on the torpedo boats for 
the Maine and the Jezxas. (Plate II.) 

In a comparison of independent air pumps three things should 
be considered : 

1st. The weight and space which the pump occupies. 

2d. The economy of the pump so far as its steam consump- 
tion is concerned. 

3d. The reliability of the pump as a whole. 

Weight and Space.—So far as the water end of the pump is: 
concerned it matters little how the pump is driven, provided the 
speed is suitable; and for the purposes of comparison we may 
assume that the water end is exactly alike in all the pumps. 
This simplifies the subject and leaves us free to consider only 
the steam end of the pump. 

There are two general methods in use for driving pumps, one 
is known as the direct-acting system, in which the valve gear is 
worked by tappets or some equivalent device, of which the Blake, 
Davidson and Dow are good examples. The other is known as 
the fly wheel system, in which the valves are driven by an eccen- 
tric in the ordinary fashion. Now we should make our pump. 
so it can start in any position, and to do so we must use steam 
cylinders large enough for the steam pressure to overcome the 
maximum load on the air pump piston in all positions.. To do 
this we must use cylinders of practically the same capacity in 
either case, whether our pump is driven direct by means of a 
beam, or by means of a crank and fly wheel with or without 
gearing. Now the fly-wheel pumps must have, in addition to 
their cylinders, a shaft and heavy fly wheel, and will also require 
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heavier framing. Gearing the pump will make the fly wheel 
smaller, but the extra weight of gearing will fully offset the saving 
of weight on the cylinders and fly wheel. The space required 
for a fly-wheel pump will also be greater than that of a direct- 
acting pump by at least the space occupied by the fly wheel. 
Weight and space are very valuable on ship board, but not so 
much so as economy of steam and reliability. As regards weight 
and space, the lightest pump will be the direct-acting pump, and 
it will probably represent an average saving of 30 per cent. in 
space, and from 30 to 40 per cent. in weight. 
Economy.—Looking at one of the annexed air-pump cards, we 
will notice that nearly all the work is done near the end of the 
stroke, although if the pump happens to be flooded the card may 
be nearly a rectangle. A steam card is the very reverse of a 
pump card. In it the work is done at the beginning of the 
stroke, and near the end where the pump needs the most work 
there is the least; in fact the curve of unbalanced pressure would 
show a negative pressure. Now, we know of no system of cranks 
or levers whereby we can reverse either of these cards. If we 
did, the problem would be much simplified ; but as it is we must 
resort to other methods. We usually adopt one of two, or a 
combination of two, principal ways. One method is to use a 
heavy fly wheel with one steam cylinder, or a lighter one in con- 
nection with several cylinders, each connected to a common 
shaft, the cranks of which are so arranged that one or more of 
the pistons is always acting on a crank favorably placed for pro- 
ducing a large turning moment. The pumps may be driven 
direct or by means of gearing. In the Navy we generally use 
two steam and two water cylinders, with fly wheels and without 
gearing. The other method is that used in direct-acting pumps, 
where, by wire-drawing and cushioning, or similar means, the 
pressure on the steam piston is modified to suit the pressure on 
the pump piston. The first double-cylinder fly-wheel pumps 
were not satisfactory, as it was impossible to run them slow 
without danger of their stopping. Hoping to get better results, 
geared pumps were designed, and two for the Oregon have been 
built. Gearing is right in theory, as we get high steam-piston 
speed with the proper speed of air-pump piston. In practice 
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they are noisy, cumbersome and heavy, and I think they will 
never come into general use. Increasing the number of cylin- 
ders adds to the smooth working of the pump, but it also adds 
to the complexity of the machine as a whole. A three-cylinder 
air pump is now in use on the O/ympia, and it is said to work 
beautifully. I am inclined to believe, however, that two steam 
cylinders are enough for good, practical results. One cylinder can 
be made to do about as well, but it would require an enormously 
heavy fly wheel, and would have the further practical disadvan- 
tage of being hard to start if for any cause it were stopped while 
there was a vacuum in the condenser. 

We will not endeavor to give a formula for the size of the fly 
wheel ; it depends on too many things which the designer may 
change at will. The fly wheel should be heavy enough not only 
to counteract the irregularities of the work during a revolution, 
but to keep the pump from stopping when it becomes flooded 
with water. To produce as steady a motion as our best engines, 
would require fly wheels heavier than all the rest of the pump 
combined. 

Let W= weight of fly wheel. 

“ R=radius of gyration. 

““  S= stroke of pump. 

“ A=area of pump piston. 
7 R2 

Then AS is a measure of its dynamic force, or power to pre- 
vent irregular motion. Inthe case of the Charleston, we have :— 

W= 1400; R= 24; S=10, and A = 452; or the dynamic 


value is 5qpo % (576 = 24’) = 180. If this value for the Char/les- 


452 X 10 
ton be represented by 100, then we would have the following 


values for some of the other ships : 


Charleston, . - ; ; ; : : 100 
Cincinnati and Raleigh, ; : : , 46 
Philadelphia, . , ‘ ; : , ; 24 
Machias and Castine, . , ‘ : ‘ 23 
Detroit and Montgomery, . : : ° 18 


San Francisco, . : . ° ; , II 
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The Charleston's air pump has one of the heaviest fly wheels 
of any of our pumps in proportion to its size. Owing to Mr. 
Hollis’ careful observations we have more reliable data regard- 
ing that pump.than any other. For this reason we have selected 
it for the purpose of determining how much variation of speed 
there would be when working under normal conditions, and giv- 
ing a card similar to the one marked G. 

The pump has two steam cylinders, each having a diameter of 
10 inches, and two water cylinders of 24 inches diameter, with a 
common stroke of 16 inches. The fly wheel weighs about 1,900 
pounds, of which 1,400 pounds is in the rim. The radius of gy- 
ration is about 24 inches. The cranks are placed nearly oppo- 
site. The cards marked K are from the water end when the 
pump was making about 70 revolutions per minute. The varia- 
tion in speed, as calculated from these cards and the steam card 
already referred to, would be for a single revolution, from a speed 
of about 73 revolutions to 66? revolutions. It would not pass 
the centers at 29 revolutions. At 100 revolutions the variation 
would be less than I revolution from the average. We would 
expect a pump of this kind to stop occasionaly, when it hap- 
pened to get an extra heavy load of water; and we believe it did 
until Mr. Hollis took it in hand and reset the valves, producing 
the cards marked I. 

Now we want our air pumps to run with reasonable steadiness 
and at the same time we don’t want to make a pump all fly 
wheel. The Charleston has one which is plenty heavy enough 
for ordinary running, and by sacrificing a little to economy, we 
can make a pump which will run at any speed without danger 
of stopping. On the Charleston, Mr. Hollis solved this by push- 
ing the eccentric back so that steam would follow about full 
stroke. Now by using two cylinders and placing the cranks at 
any position not opposite or together, and making them large 
enough so that the total pressure on the steam piston will be 
greater than that on the pump piston, and also setting the valves 
to follow full stroke, the pump will run, and it will start from 
any position when the steam is turned on. 

Now let us see what effect the inertia of the fly wheel and other 
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moving parts will have on the steam card and the economy of 
steam. We will assume that the speed is governed by a throttle. 
The space between the main valve and the throttle valve has a 
marked influence on the card and on the running of the pump. 
The same is also true of port area. Now it is plain that if the vol- 
ume of steam between the throttle valve and piston is very large, 
and if there is no wire drawing, we will get the card marked B, 
which will be a plain rectangle whatever be the size of the fly 
wheel. With a heavy fly wheel the pump will run smoothly. 
With a light fly wheel the speed of the pump will be increasing 
until we reach the point @ on the air pump card, when there will 
be more or less of a blow struck. With light moving parts, as 
in direct-acting pumps, or with those which have too small a fly 
wheel, this blow would be serious and might wreck the pump. 
This has occurred in one or more instances. Reducing the space 
between the throttle valve and the main valve to small dimen- 
sions, or, better yet, by throttling with the valve itself or through 
the steam port, and using a heavy fly wheel, we will get a card 
marked C. If, however, the throttling is done with the valve so 
that the opening varies with the speed of the piston, we would 
get an approximate rectangle as before. It will be noticed that 
in this card the steam pressures have varied with the speed of 
the piston, and are highest at the beginning and end of the 
stroke. With a light fly wheel we get the card marked D. 
Here the pressure varied with the motion of the piston, and the 
motion of the steam piston varied as the resistance to be over- 
come, or as the pressure on the air-pump piston. We have a 
high velocity of piston until the air pump begins to do its work, 
when the piston slows down and the steam pressure rises until 
at the end of the stroke it isa maximum. This card is much 
like the air-pump card, since it has the highest steam pressure at 
or near the end of the stroke. Throttling the exhaust, either in 
the port or at the valve, will give a somewhat different card, but 
the effect will be the same. We get a card like the one marked 
E. Nowin these cards lies the whole secret of making a pump 
without a fly wheel, or with too light a one, run smoothly. The 
action is practically the same, except that in one case the valve 
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is moved with an eccentric, and in the other it is moved by an 
auxiliary steam piston. 

The mean steam pressure of all these cards should be the 
same, but the amount of steam used will be proportional to their 
terminal pressures. It will be seen at once that B and C used 
less steam than D and E. Since with heavy moving parts, or 
with a heavy fly wheel, we get the lowest terminal pressures, 
and as we lighten these parts the terminal pressure increases, it 
is clear that a fly-wheel pump will be more economical than a 
direct-acting one. The energy which in a direct-acting pump is 
wasted in wire-drawing the steam during the early part of the 
stroke, is here used to store up energy in the fly wheel to be 
used in the latter part of the stroke, to assist the lower steam 
pressure in completing the revolution. Adding on other pumps, 
as circulating pumps for instance, has much the same effect, and 
adds very greatly to the economy and smooth working of the 
pump when the moving parts are light. When the main engines 
are to run at some nearly constant speed, then the best thing to 
do, is to attach it to the main engines themselves; for here we 
have the most economical steam end, and plenty of mass to make 
it run steadily. Weights added to the ends of the beams in the 
New York's pump would increase the economy, but of course it 
would limit their range of speed. With a fly wheel this is differ- 
ent, as the range of speed is increased with the size of the wheel— 
or perhaps we should say the amount of stored energy which it 
contains. 

Regarding the size of ports. The air pumps for the Machias 
and Castime and for the Detroit and Montgomery gave consider- 
able trouble when first tried. They would not run, except at 
high speed, without stopping. Their motion was very irregular, 
so much so that it was almost impossible to run them more than 
a few hours at atime. The attention of the Bureau was called 
to their behavior and suggestions for their improvements asked 
for. The pump was examined, and although of unusual design, 
there was no cause found to account for the irregular working of 
the pump. The fly wheels were found to be very light, but the 
space did not permit of much larger ones being used, so some 
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other means had to be tried to get a steadier motion. A study 
of the steam end showed that there were large steam chests and 
considerable length of pipe between the throttle valve and the 
steam chest ; also that the steam ports had ah area of about qo 
of the cylinder, and that the valves were designed to cut off at 
about } stroke, and to have the usual amount of compression. 
There is no need of compression on the steam piston of an air 
pump, for the compression in the air pump itself is altogether too 
much for the purpose of smooth running; neither do we want a 
cut off with a light fly wheel, for if for any reason the pump slows 
down it may not be able to complete the stroke, through lack of 
pressure, and will stop. This was seen at once and it was de- 
cided to set the eccentrics with no angular advance. This was 
carried out as well as it could be on the Montgomery with the 
old eccentrics, and the pump was tried with the cranks at right 
angles, and also nearly opposite. The pump ran steadiest with 
the cranks nearly opposite, but would stop sometimes. With the 
cranks at right angles the motion was more jerky, but the pump 
did not stop. 

We all know that a fly wheel tends to make a machine run 
steadier, and we do know that direct-acting pumps are made to 
run with reasonable steadiness without any fly wheel. Now, 
why couldn't we make this work the same way? Upon a com- 
parison with direct-acting pumps, we found that our ports were 
about 4 or 5 times as large as was the usual practice in direct- 
acting pumps, SO that there was no wire-drawing of steam or ex- 
haust in the ports. The large space between the throttle and 
steam valve prevented the pressure from fluctuating rapidly, so 
that there was 4 fairly uniform pressure upon the steam piston. 
The next step was to devise a valve which should wire-draw 
the steam. This was accomplished by giving the valve so much 
lap that the steam port would be entirely covered all the time, 
and then cutting 4 square notch through this lap, so that the 
virtual opening of the valve was reduced as much as desired. 
- As there is but little work done when the piston is descending 
the upper notch was made smaller than the lower one, so as to 
give a reasonably regular motion to the pump when the cranks 
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MACHINERY DATA. 




















! Marin Encings. Arr Pump ENGINES Al 
i} aE a ee Sees ee eee Seen ive Se 
; | Ey By 
3 | 39 su 
3 | oS zs 
> | ao so 
% I 5S 5S 
£ | ge 6¢ #3 3 Z 
Z e we x a c - a = 
| | ins. ins. ins. ins. 
a ccititiuentinienn | Hor. 3-cyl. Comp.........| 54, 74. 74 42 Horizontal B. A.............00+. | 2—18 30% Horizontal D. A. ind 
Hor, 3-cyl. Comp......... | 54, 74, 74 42 Horizontal B. A.........0.-+++ 2—18 30% Horizontal D. A. ind 
Ver. Bm. Comp. T. Bisel 45» 78 57 | Horizontal.........ccseseeeserees 1— 22 ee Vertical S. A. combi 
| Hor. Comp. T. ees 44, 85 36 | Vertical Simple............s0s00 2—10 16 Vertical S. A, ind..... 
i vicdtianccnntion || Ver. Comp eee 42, 78 48 Horizontal Simple............... 1— 18 12 Vertical S. A. combi 
| Ff | 25, 46 33 Worked from main eng.......,0 4 serene S Inc. S. A. attached t 
BAMIMOTE .occcccecveres || Hor. 3-x T. REE 42, 60, 94 42. Worked from L. P. piston... veiees aa Hor. D. A. attached 
Bennington o00.00000000]| Hor. 3-X T. S....00000cc000e |22, 3%, 50 3° | Horizontal. ..cccccce cocccsee soseee} I1— 14 12 Vertical S. A. combi: 
CRIN ccovccesceccnd Bets GBT. Bie qcovcseere§ 9,  B, 90 90 | Hocisontal....0. .-cccsccescapeseees I1— 1% 12 Vertical S. A. combit 
Newark vo ereveeerernees| ee > & eer 5, 76 4° Inclined Compound *........... | H.P. 11, L.P. 18 18 Vertical S. A. ind..... 
Philadelphia .........\| Hor. 3-x T. S...-c0e0see00 | 38, ~58, 86 4° Inclined Compound *........... H.P. x1, L.P. 18 18 Vertical S. A. ind .... 
San Francisco.........|| Hor. 3-x T. Eee 42, 6, 94 36 Vertical Compound............. H.P.12, L.P. 19 18 Horizontal S. A. ind.. 
Vor htowm..coceeeseee || | 31, 50 30 ©Inclined Compound ............ H.P.11, L.P. 18 12 Vertical S. A. combi: 
BAncr oft ....scereeeeeee 21, 31 20 Vertical Simple..............00 1— 8 12 Vertical S. A. ind .... 
scents ttnitnbenanie i, 22%, 35 24 Vertical Simple......... saat 2— 64% 12 Vertical S. A. ind... 
Columbia. ..cceveee-+s0e Ver. 3-x Triple Screw... 42, 59, 92 42 Vertical Simple............00« o 2— 16 21 Vertical S. A. ind..... 
PS | ae ee Se een 26%,39, 63 26 Vertical Simple......... .....- } 2—7 15 Vertical S. A ind..... 
Machias....+-00000000000+| Ms ill Bs Bie escicnanciiecs 1534, 2244, 35 | 24 Vertical Simple..............000 2— 64% 12 Vertical S. A. ind..... 
Mar blehead....... 000+ Re) 5 ee 264,39, 63 | 26 Vertical Compound............ | H.P. 6, L.P. 12 15 Vertical S. A. ind..... 
Minneapolis...... 000+ Ver. 3-x Triple Screw... 42, 59, 92 42 Vertical Simple ...... .....s0 2— 16 21 Vertical S. A. ind..... 
Monterey ....ss0v0000000 | Was OT. Bi ciccccsceniese 27, 4t, 63 | 30 | Vertical Simple..........cccoccse 2—12 20 Vertical S. A. ind..... 
Montgomery veces e000 | Wen: G08 SG. ccivccvasend 26%, 39, 63 26 | Vertical Simple.............0000 2 7 15 Vertical S. A. ind..... 
New Vor ssn Ver. 3-x T.S. Double. 32, 47, 72 42 Vertical Simple............-s000 2—12 18 Vertical S. A. ind..... 
ee Vers ot TF. c-cceeseccoss 42, 59, 92 42 Vertical Simple...... coves sennsy 3- % 20 Vertical S. A. ind..... 


* Bilge pumps attached to air pumps. + Auxiliary condenser not in use, 





AIR PUMP DATA FROM RES 




















| TR 
Air Pumps. Matin Encines. 
est a a Oa 
| FB Z oe | 38 
& Ss $3 “3 . a 
|: ie é 22 ef a af 
cs | 8 ae 32 r a3 
Zz an ~ = -i 
seas ais ‘“ . - = } 
ins. | ins s c. p s c p. | s. ¢. p. cubic feet. 
2 ee 2—18 31% 68.8 481.6 | ccceceses - , f 
Rs Mel ccovemses za | 31% | 72.2 505.4 Be |) dae 30,190 
ombined...... 2— 24% ax | 69.95 70.75 | 664.4 Gea oes 22,050 22,300 
~ ene 2— 24 | 36 || 115-4 113.9 | 692.10 683.70 | 3,159.5 3-156.5 27,270 26,940 
ombined...... 2—24 | 21 | 74.15 593-2 } 2,144.2 19,686 
hed to eng... I— 14 18 126.78 824.0 1,000.21 9,509 
ched to eng.) 1—28 | 42 116.4 116.18 | 814.8 812.7 4,845.59 4,985.48 39,270 39,170 
ombined...... 2—18 12 150.9 151.1 754-5 755-5 1,642.4 1,680.4 10,288 10,300 
ombined...... | 2—18 | x2 | 151.5 1533 757-5 766.5 1,678.1 1,636.2 10,328 10,450 
TROT 2— 24 12 || 127.3 126.7 848.8 844.7 4,468.4 4,113.9 26,740 26,610 
MU sesedarantess j 2— 2 18 | 119.6 119 6 797-4 797-4 4,247.0 4,286.2 32,170 32,170 
» eB sccecenses 2— 26 | 18 125.8 123.8 754.78 743-65 4,788.1 4,792.6 36,378 35,840 
I — 24 12 | 158.0 155-9 789-9 779-7 1,579-7 1,625.6 10,770 10,630 
2—14 | 12 || 223.1 221.8 | 743.5 739.2 588.4 594.9 3,897 3,875 
2— 13% 12 i 217.0 220.6 868.0 882 4 1,076.4 1,051.8 5,800 5,896 
2 31% | 21 || 134. 127.7 132.9 938. 893.8 930.3 6,605.8 5,825.6 5,559.7 43,300 41,260 42,930 
2— 14% | 15 || 170.1 170.1 737-1 737-1 2,599.5 2,554.8 15,955 15,955 
2—12% 12 218.6 214.3 874.2 857.1 867.6 926.9 5,841 5,727 
ie uinisnanil | 2 14% 15 179.0 173-4 775-6 751.3 2,435-6 2,427.8 16,787 16,262 
a cicisesies | 2—31% | a1 | 131.9 131.1 132.2 923-6 917.7 925.3 6,586.7 7,218.8 6,560.7 42,637 42,358 42,377 
___ a 2— 20 20 | 162.9 161.2 814.3 805.9 2,503.9 2,483.0 16,525 16,355 
RR. ccsneniuneies | 2— 14% | 15 179.7 180.8 778.7 783.4 2,763.3 2,720.9 16,855 16,960 
aa | oe 18 || § 134.9 1350 942.6 945.0 f. 4,295.1 a. 4,170.6 f. 26,650 a. 26,720 f2 
| 1134.9 135.0 942.6 945.0 f. 4,340.6 a. 4,141.0 f. 26,650 a. 26,720 f. 2 
Adavvsseeseeses 3 — 20 20 | 139-9 138.5 979-3 969.6 8,297.6 8,552.2 45,205 44,750 





AIR PUMP DATA FROM RESULTS OF TRIALS OF U. S. VESSELS. 





TRIAL DATA. 











ann 





Matin Encrnes. 4 
| ~ “éobes ¥ ¢ 
og as B53 4 a 2 
| Wet iat n A 
| me geass g Gs 
Ss vem es ™ 2 23 
| : + $2; 72 3g RE 
Ay Pe San oes 2s 
: 38 Sepse 28 gs 
x ae @ 5 an bo 38 Bo 
od 3 2 A Ay 
| . 
A. | s. c. A. cubic feet. cubic feet. Ss. ¢. p- s. ¢. 
| s. c. p- s. ¢. Dp. 
eossacees 28,770 a re es cel 
Bem St. (4 We 30,190 | 21.030 26. 137.6 
"See 22,050 22,300 13.16 11.44 44-5 43-6 155-7 7 
683.70 | 3,159.5 3-156.5 27,270 26,940 17.27 17-05 134-7 135-2 359+" 
2,144.2 19,686 11.67 : 30.71 107.5 
1,000.21 9,509 5-367 126 78 380.3 
812.7 4,845.59 4,985.48 39,270 39,170 26.00 26.75 116.42 116.08 814.8 g 
755-5 1,642.4 1,680.4 10,288 10,300 8.87 9.07 57-7 57-3 115.4 
766.5 1,678.1 1,636.2 10,328 10,450 9-04 8.81 51.4 50.9 102.8 1 
844.7 4,468.4 4,113.9 26,740 26,610 2411 22.25 105.1 125.2 315.3 3 
797-4 4,247.0 4,286.2 32,170 32,170 23.01 23.21 105.3 118.2 315.9 ; 
743-65 4,788.1 4,792.6 36,378 35,840 26.01 25.90 197.0 131.0 591.0 3 
779-7 1,579-7 1,625.6 10,770 10,630 8.79 8.99 123.0 120.5 246.0 2 
739-2 588.4 594-9 3,897 3,875 6.35 75-5 151.0 
882 4 1,076.4 1,051.8 5,800 5,896 11.36 120.5 241.0 
930.3 6,605.8 5,825.6 5,559.7 43,300 41,260 42,930 35-45 31-25 29,86 17. 144 13-9 595 50.4 
737-1 2,599-5 2,554.8 15,955 15,955 14.02 13.77 151.3 143 5 378.3 . 
857.1 867.6 926.9 5,841 55727 9-76 223.5 447.0 
751-3 2,435.6 2,427.8 16,787 16,262 14.11 1311 157.0 161.5 392.5 4 
925.3 6,586.7 7,218.8 6,560.7 42,637 42,358 42,377 35-28 38.67 35.12 15. 13-7 18.6 S25 47-9 ¢ 
805.9 2,503.9 2,483.0 16,525 16,355 13-59 13 50 85.6 847 285.3 E 
783.4 2,763.3 2,720.9 16,855 16,960 14.83 14.64 156.8 125.0 392.0 
945.0 f. 4,295.1 a. 4,170.6 f. 26,650 a. 26,720 f 23.07 a. 22.38 f. 19.5 a. 13.5 f. 58.5 a. 
945.0 f. 4,340.6 a. 4,141.0 f. 26,650 a. 26,720 f. 23.29 a. 22 21 f. 17.6 a. 12.3 f. 52.8 a. 
969.6 8,297.6 8,552.2 45,205 44,750 44-77 46.23 126. 124.7 420.0 ‘ 
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Arr Pumps. 
; 
; 
2p. $s. 
37.6 
152.6 
360.5 
7-5 
0.3 
812.7 
114.6 19.14 
101.8 27.33 
375-6 | oo 
354-6 | 31.56 
393-0 | 66.48 
241.0 | 60.88 
1.0 | 
t.0 
4 48.6 | 22.17 
358.7 | 19.83 
7.0 
493.7 | 15 65 
7.9 65.1 10 g! 
282.3 18.37 
312.5 18.82 
a.405| f. 13.07 
a. 36.9 f. 9.51 
415.6 | 18.22 





5-09 
14.07 


17-97 


17-94 


33-32 
41 23 


57-91 





16.30 | 


18.94 


15-95 | 


13.87 
18.16 | 


9 19 
6 97 


35 78 


of pump 
ers per min- 


ind 


Capacit 
cylin 
ute 


cubic feet. 
é. c. 
243.2 
509.7 499-6 
1,128.0 1132.5 
351-9 
203.3 
1,742.0 1,737-5 
203.9 202.5 
181.6 179.9 
99°.5 1,180.0 
992.4 1,114.0 
2,179.0 1,449.0 
386.4 378.5 
161.4 
2395 
3220 272.7 2630 | 
426.3 424.2 | 
444-3 
442.3 459-0 | 
284.1 259.4 = 351.9 | 
622.3 615 8 
441.8 352.2 
f 1994 a. 138.3 
f 179.9 a. 125.8 
1,374.0 1359.8 | 





- 
2 
& 
© 
a] 
& 
° 
vy 
& 
& 
3 
3 
cs) 
« 
> 
ins. 
s ¢. 
26.2 
255 
24.5 
23.98 
24 11 
25-97 
24.3 
25.7 
24.8 
263 
25-3 
25.8 25.0 
25.4 
257 
26.2 
24-7 25.3 
26.6 
25-75 
25.00 
. 25 20 
24.94 


and circutating pumps. 


I. H. P. of main engines and air 





24.3 
23.64 
24.00 
25.66 
24-7 
26.1 





250 


25.6 


25.9 
25.1 
26.2 
26.10 


a.756 f. 
a. 25.80 f. 


25-59 


2,464.2 


35233-3 


4,868.80 
1,661.6 
1,691.8 
4,513.4 
4,308.8 
4,868.9 


1,640 6 


6,636.7 


2,624.63 


2,641.1 
6,615.6 
2,544.6 
2,776.7 


4,318.0 
4,360.0 


8,382.3 


2,749. 
3,936. 


2,185.4 
1,004.48 


7,251.1 


> p 


2,142.1 


3,219.2 


5,008.69 
1,697.9 
1,649.8 
4,160.6 
4,344.2 
4,848.9 
1,683.5 


5,590.0 


2,577-9° | 


2,454.2 
6,586.6 
2,527.1 


2,740.2 


| 
- 4,189.7 | 
+ 4,157.8 | 


8,653.2 | 





zo 
BEG. 
asi 
Sai B 
“ni gf 
open 3) 
s. c. p. 
01885 
.O1153 01030 
ee +. “See 
.00664 00760 
.007 33 -00767 
01365 -00851 
03712 03441 
-009558 
-013018 
-00334 00307 6.00292 
-00756 -00735 
00981 
00593 .00650 
00165 00191 -00127 
00722 00719 
00678 .00548 
f. .00303 a. .00219 
f. 00218 a. .00168 
00217 00414 











OF U. S. VESSELS. 








Double strokes per 
minute. 


30.71 
126 78 


75-5 
120.5 
14-4 


223.5 


13-7 


135.2 


116.08 
57-3 
59-9 

125.2 

118.2 

131.0 


120.5 


13-9 
1435 


161.5 
18.6 
847 

125.0 


a. 13.5 
a. 12.3 


124.7 





=~ 


155-7 
359-1 


814.8 
115.4 
102.8 
315-3 
315.9 
591.0 
246.0 


59 5 
378.3 


392-5 

52-5 
285.3 
392.0 


58.5 
52.8 


420.0 


Piston speed, feet, 
per minute. 


107.5 
380.3 


151.0 
241.0 
50-4 


447.0 


47-9 


Air Pumps. 


152.6 
360.5 


812.7 
114.6 
101.8 
375-6 
354-6 
393-0 


241.0 





19.14 
27-33 
29-97 
31.56 
66.48 
60.88 


22.17 


19.83 


15 65 
10 g! 
18.37 
18.82 


13.07 
9-51 


18.22 


H. P. 


5-99 
14.07 
17-97 


17-94 


8.39 


16.30 


18.94 


15-95 





13.87 | 


18.16 
15.0) 


9 19 
697 


35 78 


& 
5 
a 

3 
i 
“. 

o 
sS yu 
eos 
o) 

cubic feet. 

c. 

2432 
5°9-7 
1,128.0 

351-9 

203.3 
1,742.0 
203.9 
181.6 
999-5 
992-4 
2,179.0 
386.4 

161.4 

239 5 

3220 8 8=27972.7 
426.3 

444-3 
442-3 

284.1 259-4 
622.3 
441.8 
f 1994 
f 179.9 
1,374.0 


1132.5 | 
| 
| 


1,737-5 
202.5 | 
179-9 

1,180.0 

1,114.0 | 

1,449.0 | 


378.5 


2630 


404.2 


459-0 | 
351.9 | 
6158 


352.2 


a. 138.3 
a. 125.8 


1359.8 | 





- 
2 
6 
6 
a=} 
& 
° 
bs) 
& 
E 
3 
3 
J 
& 
> 
ins. 
s ¢. 
26.2 
255 
24.5 
23.98 
24 11 
25.97 
24.3 
25.7 
24.8 
263 
25-3 
25.1 25.0 
25.4 
257 
26.2 
24-7 25.3 
26.6 
25-75 
25.00 
. 25 20 
24.94 


24.3 
23.64 
24.00 
25.66 
24.7 
26.1 


250 





25.6 


25.1 


25.9 
25.1 
26.2 
26.10 


a. 25 60 
a. 25.80 


25-59 


f. 


f. 


2,464.2 


35233-3 


4,868.80 
1,661.6 
1,691.8 
4,513.4 
4,308.8 
4,868.9 
1,640 6 


6,636.7 


2,624.63 


2,641.1 
6,615.6 
2,544.6 
2,776.7 


4,318.0 
4,360.0 


8,382.3 


I. H. P. of main engines and air | | 


| 


and circutating pumps. 


¢. 
2,749. 
3,936. 
2,1 
352 
2,185.4 
1,004.48 
5,0 
1,6 
1,6 
4.0 
453 
4,8 
1,6 
1,189.8 
2,162. 
5,850.5 5,5! 
2,5) 
1,828.2 
2,4! 
7,251.1 6,5) 
2,5: 
2,7) 
a. 4,1 
a. 4,0 
§,6: 





2,142.1 


3,219.2 


5,008.69 
1,697.9 
1,649.8 
4,160.6 
4344-2 
4,848.9 
1,683.5 


5,590.0 
2577-90 


2,454.2 
6,586.6 
2,527.1 
2,740.2 


a. 4,189.7 | 
a. 4,157.8 


§,653.2 








a 


| 
| 
| 
} 
} 
| 
| 
} 


-O1153 
.00825 
.00664 
-007 33 
-01365 


03712 


.00334 


.00756 


+00593 


.00165 


.00722 


-00303 


00218 


.00217 


I. H. P, of main en- 
gines, air and circu- 


I. H_ P. of air pumps + 
lating pumps. 


001g! 


00292 


+00735 


-00127 
00719 
.00548 


.00219 
. 00168 


-00414 


RESULTS. 








02312 


-04137 


+04437 
.01982 
.01758 
03705 
.03085 
-05990 
.03588 


.007437 


.02672 


.02635 


.03766 
02621 


. 00748 
. 00675 


.0304 


pacity 
cylinder per 


per minute + ca 
of L.P. 


Capacity of air pumps, 
minute. 


.01788 


.02138 


-04154 
04096 
.006618 


.03841 


.00612 


022405 


-04204 


-04437 
.01966 
-O1722 
04434 
-03463 
+04043 


03561 


006127 


-62533 


02823 


.03761 


.02077 


. 00518 
- 00471 


+03039 











72 oO Bes 
$38 aad 
Ss. eE- 
ae 29 
S a FI Bong 
#2 as 30,6 
Fu 48 ae . 
wT She 2 
Sgn 6 eae 
#3 o+ -3 
gems pe § & 
“Ee eo 2-2-8) 
255 8. 3.5 85 
2aa6 SESS 
Oo iS) 
s. c. Pp. s. c. p. 
08636 0618 
02583 0229 2069 +2332 
01531 .01506 -3488 -3518 
.03318 -16102 
.0264 +2025 
01493 -01540 -3579 +3470 
+0435 +04479 +1227 +1193 
.04978 -04898 -10735 +10903 
02434 .01886 21945 -2836 
.02622 -02083 2303 -2565 
-O1194 .01787 4476 -2989 
-02275 -02375 +2355 2248 
-03935 -13565 
04744 «1108 
-I101 1146 +1135 04856 .04661 +04705 
.0329 0341 -16240 +1568 
02197 124305 
0319 .02855 1675 1871 
-1242 -1491 0998 -04294 .03573 05342 
.02184 -02193 276 +2437 
-03357 04157 «1591 1285 
1157 a. .1618 f. .0462 a. .0330 
-1295 a. .1766 f. .0413 a. 0303 
03257 40340 -1639 -1572 











AIR PUMPS. 533 


were at fight angles. When the cranks were nearly opposite 
this was not necessary, as one or the other of the pistons was 
always on the working stroke. These valves have answered the 
purpose for which they were designed, and the pumps work fairly 
well, but of course better results could be obtained with the wire- 
drawing in the port itself, so that both the steam and exhaust 
would be wire-drawn. The cards shown for the Castine were 
taken after the steam cylinders of her air pumps had been 
fitted with similar valves. This kind of a valve would have 
been unnecessary if the ports had been made from 7, to 5 of the 
area of the cylinder instead of ;;, so that there would have been 
considerable wire-drawing of the steam. It makes no particular 
difference whether you do all the wire-drawing in the steam port, 
or in the exhaust, or part in one and part in the other. 

Should you have occasion to construct an independent fly-wheel 
pump use two cylinders, put the cranks nearly opposite, although 
right angles will work fairly well. Usea fly wheel as heavy as the 
Charleston, in proportion, if circumstances will permit. Set the 
valves tu follow full stroke, and be sure not to have any compres- 


sion. Make the port area from 7; to =); of the area of the cylin- 


der, and either put cocks or valves in the ports, so that they can 
be varied in size until the most suitable area has been found for 
the particular speed at which the pump is to run, or make the 
main valves so that their port areas can be regulated. Make as 
little clearance between the throttle valve and the main valves as 
possible. You will then have a pump that will run smoothly and 
without danger of stopping. 

Reliability —By this we mean the freedom from derangement, 
and general certainty of action. It is annoying, to say the least, 
to have a pump stop unless some one shuts the steam off. We 
don’t want to have to detail some man to stand by the air-pump 
throttle whenever we are working the engine to signal, or at any 
other critical time. This quality is of far more importance than 
either weight or economy, and whenever there is a marked dif- 
ference between the reliability of two pumps the more reliable 
should always be taken. We have both fly-wheel and direct- 
acting pumps in our service. We have had trouble with individual 
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pumps of each type, but I think it could always be traced to 
faults in the design or workmanship of the individual pump. 
Since the fly-wheel pump has, with an equal amount of wire- 
drawing, a much steadier motion, as a glance at those cards will 
show, there is no doubt that the fly-wheel pumps can be run at a 
much higher speed with safety than the direct-acting ones. In 
direct-acting pumps there are little ports and valves which let 
the steam act upon a small steam piston which moves the valve. 
If well cared for, this usually gives no trouble, but sometimes 
these little ports get stopped up, or the valve seat gets corroded 
away, or the little piston gets rusted fast so it will not move. 
These are avoided in the fly-wheel pumps, since the valves are 
moved by an eccentric and have to go if the pump does; but as 
an offset we have crank pins, crank shafts, and crosshead jour- 
nals which may, and sometimes do, heat and give trouble. 

With equal care, and a reasonably good design, I see no rea- 
son why one class of pump should be more reliable, or less liable 
to get out of order than the other. 

Annexed is a table of some of the principal data of our air 
pumps on the trial trips. 


DISCUSSION. 


Chief Engineer McKean, U. S. Navy.—The thoughtful and 
able paper by Mr. Bailey seems to leave little to be said in the 
way of discussion. I would state, however, that the theoretically 
excellent suggestion to connect the clearance spaces at each end 
of the pump with the-barrel of the pump by means of ports cut 
through the liner, and which ports are to be overrun by the pis- 
ton at each end of the stroke, may involve care in keeping those 
ports clear, if, as I presume, they are small, and therefore liable 
to become choked by material from the packing of the piston, 
from the products of lubrication in the main cylinders, or by dirt 
from other sources; still, such clearing would only form one 
more item to attend to in the routine examinations of piston, 
valves, etc. Mr. Bailey does not consider the friction of piston 
packing, and only alludes in passing, to that through the valves; 
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and he is right, from his point of view, in ignoring those frictions, 
since they exist about equally in all ordinary pumps. Some 
years ago I studied upon a pump-design intended to modify these 
sources of loss and trouble, by doing away with the piston and 
valves as commonly fitted; but the improvements made upon the 
centrifugal variety seemed to include the advantages aimed at, 
at least for most purposes. The plan was to havea sheet-rubber 
diaphragm across a pump chamber of any shape of section, at its 
middle point and athwartships, and to attach the pump rod to the 
center of the diaphragm. If the stroke was kept short, as is gen- 
erally the tendency in auxiliary pumps, the flexibility of the 
rubber might be sufficient; if not, or if a longer stroke was re- 
quired, an accordion action might be secured by concentric folds 
in the diaphragm. In place of the ordinary valves there were 
to. be thin rubber tubes of oblong section, so that the water 
would be drawn through the receiving tubes and forced through 
the delivery ones by the motion of the diaghragm in one direc- 
tion, while the pressure due to the reverse motion would force 
the lips together and prevent the return of the water. Leakage 
at the stuffing box was to be lessened by a sheet-rubber sleeve 
of sufficient length to accommodate itself to the stroke, secured 
to pump bonnet at one end and to pump rod at the other, and 
enclosing the ordinary stuffing box. But to return to the paper 
under discussion: we owe Mr. Bailey many thanks for his long 
and interesting contribution towards a subject which has become 
one of the most important in marine engineering. 


Chas. H. Haswell, Esq.—-It would afford me much pleasure 
to express my approval of the views of the author of this valu- 
able contribution, both to the physics and mechanics of the 
steam engine, in a more extended manner than my engagements 
will admit of, as I am not only about leaving the city for an un- 
certain period, but will be employed in a manner that precludes 
consideration of the subject. I have to restrict myself, therefore, 
to a brief expression regarding the air pump, and the mechanism 
of its construction. 

The air-pump of a condensing and marine steam engine, 














536 AIR PUMPS. 


whenever practicable, should be operated independently of it, not 
only to meet various conditions of the engine, but to be available 
as an exhausting pump to free a vessel from water, and also as a 
fire pump. 

Regarding the design of a pump, the requirements of a normal 
condition of construction and operation are a single cylinder set 
vertical, with or without a fly wheel, according to its design and 
construction, proper proportion of diameter to stroke, high 
finish of its frictional parts, with the least practicable clearance 
space, as low speed as practicable, and with water valves of hard 
rubber, or faced with it—fly and poppet valves of metal will sand, 
and slide will cut. Duplicate or triplicate cylinders involve 
additional cost of construction, operation and space. 

The design of the gun-boat pump, to my limited knowledge 
of what has been attained of late years, is exceptionally good. It 
should be very firmly seated and on a broader basis. 


Passed Assistant Engineer W. M. McFarland, U. S. 
Navy.—I have read my friend Bailey’s article with great pleas- 
ure and satisfaction, and I have no hesitation in saying that in 
my judgment it is the most useful and instructive paper on the 
subject that has appeared in a long time. He treats the matter 
so clearly and completely that really it only remains to give 
confirmatory details. I am somewhat familiar with the strug- 
gles to make the crank air pump satisfactory, and, so far as I 
know, until he called attention to the point no one had thought 
of the source of trouble being in the valve gear. His article, 
however, explains the whole matter so clearly that we can all see 
now where the trouble lay. 

Recently I have had an opportunity to study the action of a 
crank air pump whose working is far from satisfactory, and a 
few details with regard to it may be of interest. The pump has 
two horizontal water cylinders, single-acting, driven by a vertical 
compound engine, with cranks at right angles, steam valves of 
usual proportions and driven in the usual way. Attached to the 
air pump piston rods are bilge pumps, also single acting. I un- 
derstand that the original design called for double-acting pumps, 
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and I believe if they had been fitted the machine would have 
worked much more smoothly, for there would then have been 
four points of maximum work per revolution, symmetrically dis- 
tributed, while now there are but two, and these come in the 
same half revolution, accentuated by the single-acting bilge 
pumps whose discharge strokes coincide with those of the air 
pumps. The fly wheels are very small. As a result of the com- 
bination of all these circumstances, it is necessary to run the 
pumps at from 75 to 100 revolutions per minute to keep them 
from stopping, while any change in the working of the main 
engines will cause them to stop unless the throttle is properly 
adjusted. In fact, 1 am told that a man always remains near 
them to open the throttle in time. 

Now, it has struck mein looking at this case that the arrange- 
ment of cranks is wrong, caused, doubtless, by failing to recog- 
nize the peculiarities of the case. Wherea uniform turning effort 
is desired to do perfectly uniform work, the arrangement of 
cranks at right angles is the best; but in driving a couple of 
single-acting air pumps the work is not only not uniform, but 
extremely unequal. On the discharge stroke we have a good 
deal of work towards the end, and very little at the beginning, 
while on the other stroke we are simply passing the water through 
the bucket valves and practically doing nothing. Now, when 
the cranks are opposite, or nearly so, we have some work on 
each engine stroke, and have both steam cylinders to do it, while 
with cranks at right angles all the work is crowded into less than 
half a revolution, and for the other half the steam pistons simply 
run away, unless there is a very heavy fly wheel. It seems to 
me that this has something to do with the admirable working of 
the Blake air pumps on the Mew York, Columbia and Minneap- 
olis, There the pistons are directly opposite, and being con- 
nected by a beam, we get the full effect of both steam pistons for 
the working stroke of each pump. 

A good deal has been said about the lack of economy of steam 
engines working as slowly as the ones of these pumps do, and 
doubtless they do use a good deal of steam per I.H.P., but their 
I.H.P. is so small compared with that of most crank pumps 
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that there can be no doubt that she steam used per hour is much 
less than in the crank pumps. 

The pumps I have first mentioned are almost exactly the same 
size as those of the Mew York, and it is very interesting to com- 
pare them. 





Crank Pump. Blake Pump. 
Steam cylinders, number and diameter, inches.) Compd. 12 and 19 2 of 12 
Water cylinders, number and diameter, inches 2 of 26 2 of 25 
Stroke, inches... ......00 scocce. eevee coecee sseees socee| 18 18 
1.H.P. of main engines to which connected. ...| 4,800 4,200 
Double strokes of pumps per minute....... ..... 164 15 
1.H.P. of pumps (steam cylinders) ...... 000. 54 95 





I am sure we shall all agree with Mr. Bailey when he says re- 
garding reliability: “This quality is of far more importance 
than either weight or economy, and whenever there is a marked 
difference between the reliability of two pumps, the more reliable 
should always be taken.” This would hold true for any ship, 
but it is specially true of war vessels. Squadron steaming in 
time of peace makes the lives of the engine room force weary 
enough from the constant changes required to keep position, 
without the added worry of having an air pump that may stop, 
while the conditions of actual combat require still more that the 
air pump should run itself with practically no attention. I feet 
that the Society is to be congratulated on this able paper, and I 
hope its discussion will be in keeping with the merit of the- 


paper. 


Robert Forsyth, Esq., Associate.—I consider the paper on 
air pumps by Mr. Bailey a most valuable one to marine engi- 
neers, chiefly because it brings prominently to notice the many 
difficulties connected with air pumps. Much misdirected inge- 
nuity has been expended upon the effort to design an air pump- 
of light weight and occupying small space, which could be re- 
lied upon to work efficiently at different speeds and loads, and 
which would require the minimum of attention. 
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The necessary capacity of an air pump is, as Mr. Bailey says, 
a very uncertain element ; but, in air-pump design, increase of 
capacity cannot possibly make up for /ack of efficiency. 

The vertical single-acting pump attains, on the whole, the 
highest degree of efficiency with the minimum of displacement. 
It can be designed to be easily accessible for repairs, and there 
are few wearing parts. 

When rubber valves are used, I prefer to use them without 
springs, as I have found that springs cause more wear on the 
back of the valve than the seating causes on the surface; and 
broken springs are a fruitful source of trouble with valves, guards: 
and studs. By reducing the lift of a 44-inch rubber valve to } 
inch, and making the guard flat, with at least as much surface 
as the valve seat, the rubber valve will last indefinitely, unless 
the pump is driven from the main engine, in which case “ racing” 
changes the conditions very materially. 

Professor Hollis’ idea of making a by-pass on the barrel of 
the double-acting air pump will work very satisfactorily. <A 
somewhat similar arrangement has been used by Buckhardt and 
Weiss on some of the sugar plantations of the Hawaiian Islands, 
where large double-acting pumps were improved by adding a 
slide valve operated by cam movements to control a communi- 
cation to opposite ends of the bucket during the first inch of the 
return stroke of the bucket. Professor Hollis’ arrangement will 
accomplish the same result in a simple manner, with no wear- 
ing parts to get out of order. 

While the operation of the air pump from the main engine is, 
for the designer, the simplest, lightest, and most economical, 
there are many practical objections to it, and many good reasons 
for using air pumps independently moved. ; 

Taking the uses of the air pump preparatory to and during a 
long voyage in their order— 

ist. In getting up steam and warming the main engines, the 
independent pump cares for the condensed steam without waste. 

2d. In getting under way, and in promptly executing orders. 
from the bridge, the main engines can be handled with a facility 
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which is impossible when the main engines have the air pump 
connected as part of itself. 

3d. During the voyage, the independent pump need only be 
driven at a speed that will make a good vacuum; and not being 
subject to the tear.and wear arising from the “ racing” of the 
main engines, the valves and guards will be maintained in a reli- 
able condition for a long period. 

4th. When nearing port, and orders to stop are liable to come 
unexpectedly, the independent pump takes care of the surplus 
steam, which is led into the condenser instead of roaring off from 
the safety valves. The saving in fresh water thus effected, and 
also in aiding to care for the boilers, amply repays any small 
additional expense that may be charged to the operation of the 
independent pump. 

Of the two systems of operating the air pump, the direct-act- 
ing has the advantages of simplicity and the possibility of run- 
ning at very low speeds without risk of stopping at the end of 
the stroke. 

The crank and fly-wheel engine must have a fly wheel of di- 
ameter and weight great enough to pass the centers without 
hesitation if the main-engine speed happens to be increased some- 
what. There are some ships running out of San Francisco with 
air pumps driven by independent compound engines which work 
satisfactorily at sea, but they are fitted with 10-foot fly wheels 
weighing six tons, while the main engines only indicate from 
2,000 to 3,000 horse-power. The additional labor to care for the 
journals, the weight and the space occupied by the fly wheel, are 
serious objections to this design. With the direct-acting system, 
careful attention must be given to get nearly uniform length of 
stroke fot the different speeds without adjustment of the tappets, 
and to attain this the diameter of the steam cylinder must be 
large enough to allow the requisite cushioning to occur during 
only a very short part of the stroke. This size will be found to 
be largely in excess of what is required to do the work of the 
pump. On the Monterey’s pump, an actual test, from four strokes 
per minute to one hundred per minute, showed the variation per 
length of stroke to be ,%; of an inch. 
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In the case of a vertical direct acting pair of air pumps recently 
erected by the Union Iron Works, the exhaust steam from the 
air pump steam cylinder was led by suitable nozzles into direct 
contact with the water in the hot-well discharge pipe, raising the 
temperature of the feed water from 112 to 170 degrees. This 
arrangement is quite economical in the consumption of steam for 
the amount of useful work done, and removes the objections often 
urged that the direct-acting pump is too extravagant in the use 
of steam for continuous work. ‘ 

In either case, whether driven by a crank engine or direct, a 
good governor should be provided which can be readily adjusted 
to any required change of speed. 


Professor Ira N. Hollis.—The subject of air pumps is a 
very interesting one, involving, as it does, some of the most 
difficult and troublesome questions in design, and I am glad to 
see Mr. Bailey take it up. The first point I notice, however, is 
in reference to the Charleston's pumps, and I must disclaim the 
merit of taking them in hand any more than they were taken in 
hand by the other engineers of the ship. We all discussed the 
merits of the pumps and the best methods of curing the tendency 
to stop. A good governor would have gone far towards the 
cure. It may be as well to state briefly the history of these 
pumps, as they were designed at the Union Iron Works after 
several other pumps had proved failures. The design, purchased 
in England by the Government, was exceedingly unsatisfactory, 
and, as supplied to the Union Iron Works, little could be made 
of it. The engines were compound, horizontal, with Marshall 
valve gear. The steam cylinders were placed between the crank- 
shaft, which had cranks at right angles, and the air and bilge 
pumps. One double-acting air pump was connected with the 
high-pressure piston, and two plunger bilge pumps with the low- 
pressure piston. The whole was placed directly under the con- 
jenser. It was so evident that the pump was too small that the 
contractors increased it considerably in size ; but even then, the 
result of the dock trial fell far below the government require- 
ments. The vertical single-acting pump with two steam and 

87 








542 AIR PUMPS. 


pump cylinders and a heavy fly wheel was afterwards put in by 
the Union Iron Works as a substitute for the English design. 
It worked admirably at the full power of the main engine, but 
had the fault of stopping without warning at low powers. The 
fly wheel was of great benefit, but as the pump was put in after 
a dock trial, it had to be placed at the end of the condenser with 
long channelways running athwartship to the suction. It worked 
at a great disadvantage when the ship was rolling, and the water 
reached it intermittently. When the ship rolled slowly, the pis- 
tons would pound heavily on the up stroke until relieved of the 
gulps of water which came from the condenser. The above 
does not seem to me a real defect in the pump, but in the con- 
ditions under which it worked. Another thing which seriously 
affected its working at low powers was the small throttle open- 
ing required for steam. A sudden demand could not be supplied, 
and the pump sometimes stopped before the throttle could be 
opened, another unfortunate condition of working. In fact, all 
conditions are unfortunate for machinery which is run at one- 
eighth the power for which it was designed. The success, 
economically and mechanically, of any machine lies mainly in 
the regularity of its running at the designed power. An air 
pump has to work under peculiarly hard conditions even in the 
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best of circumstances, both on account of the irregularity of its 
load and the mixture of air, vapor and water which passes 
through it. The pressures come just at the wrong time for an 
independent pump, and the fact that the cards from the steam 
and water cylinders are the reverse of each other makes the 
pump expensive in steam. 
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Some saving might be effected by designing the valve to re- 
main open to steam part of the return stroke, so that a portion 
of the steam could be driven back into the boiler instead of the 
condenser. The steam valve could be closed at one-third or 
one-half stroke, and the exhaust valve opened, thus giving the 
card shown in Fig. 1. As this could be worked with only 
two steam cylinders and cranks opposite, a better arrangement 
could be devised by having the steam exhaust into the high- 
pressure receiver half the stroke and into the condenser the 
other half, giving a card like Fig. 2. The latter method could 


Fig. 2. 











be applied to a single cylinder, either single or double acting, 
and the effective steam pressures would be found approximately 
where they were wanted. A vertical single-acting pump does 
not usually require steam above the piston, as the weight of 
the moving parts will cause the down stroke. The cap brasses 
of the Charleston's pumps were never touched by the journals. 

Mr. Bailey very properly places special stress upon the tight- 
ness of all joints and glands. As stated in his paper, the low 
pressure of steam in the intermediate and low-pressure cylinders, 
at the ordinary powers of naval vessels, permit inward leaks 
which do not exist at high powers. I have seen the vacuum im- 
prove with increase of power without any change whatever in 
the speed of the air pump. 

The pressure required to lift foot valves points to mechanical 
means of opening these valves, or to ports to be uncovered by 
the piston for a certain part of the stroke, as in the pump with- 
out valves. ’ 

The independent pump in use at present seems much too 
large for the work, and a successful high-speed pump would 
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show gain in economy and great reduction in weight. The 
problem is complicated by the difficulty of getting water and 
even vapor under low pressure to follow a rapidly-moving piston, 
and by the churning which takes place in the pump barrel and 
clearances. The vaporous mixture left in the clearances of a 
high-speed pump is fatal to the formation of a good vacuum. 
A little calculation will show about the limit of speed before 
churning begins in a vertical pump with shaft and fly wheel. 
The piston reaches its maximum velocity near mid stroke, and 
is then constrained by external connections to slow down, but 
the water carried up by it slows down only by the action of 
gravity, and, therefore, may leave the piston (or be thrown up- 
‘ward by it) and reach the delivery valve ahead of it. This lift- 
ing of water takes place as soon as the retardation of the piston 
exceeds gravity. If the water strikes the delivery valves with 
sufficient force it will lift them and escape into the air, thus 
leaving the clearance full of air and vapor instead of water, and 
effectually destroying the vacuum above the piston. The 
velocity of the pump would have to be excessive to cause a 
water pressure equal to the atmosphere in this way; but, as a 
matter of fact, at the usual velocities, the vapor within the pump 
has already reached the atmospheric pressure before the water 
leaves the piston and strikes the valves above. In such a case 
the valves will open with a very slight water pressure and let the 
water escape. I have seen cases of heavy pounding on the up- 
stroke of the piston, as no air or vapor escaped with the water 
to cushion against the pump bonnet. The pounding was re- 
lieved at once by admitting a small amount of air into the pump 
through the indicator cock. 
The point of the stroke where this lift of water takes place may 
be determined as follows: 
Let M=number of revolutions per minute, 
x = length of crank in feet, 
s = distance of the piston from the end of its stroke for 
the crank angle 0, 
$=r—r cos @, neglecting the connecting rod, 


4 =r sin 0 = velocity of piston, 
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25 dé)? ‘ . : 
—; =r cos 8 —| acceleration or retardation of pis- 








at? 
ton, . 
axN _xN 
a= angular velocity of crank = 60 30” 
Therefore, when 
ds aN)? 
g= Game cos 0 (22) ’ (1) 


we have reached the limit where the piston begins to throw the 
water upwards. The exact position of the piston, or the crank 
angle, can be determined from this equation if ry and WV be given, 
or the limiting number of revolutions for highest efficiency can 
be found ifr and cus @ be given. 

Take the case of the Charleston's pumps: r = § foot, and the 
piston is about one-eighth of the stroke from the end when the 
vapor and air reach atmospheric pressure. 

Then RT A... 

8 4 
and cos # = 3. 

Substituting in equation (1), we get 

9 CH CM ¢ 





g=-r. = -s 
4 900 1200 
2 5 
£ = 32.2,andr= 3 
pee es VN? ee 32.2 x 8 X_1200, 
; 8 X 1200 57 : 
or N = 79 (about). 


Thus the greatest efficiency of the pump would be reached at 
79 revolutions for the low powers of the main engine. As a 
matter of fact, this calculation does not take into consideration 
all of the circumstances ; and the case is more favorable for high 
speed in a single acting pump, as the delivery chamber is sep- 
arate from the suction chamber, and a bad vacuum above the 
piston does not cause a bad vacuum below. An instance is 
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given before where the indicator cock above the piston was 
opened for air cushion, and the vacuum in the condenser was 
not impaired in the slightest degree. It was found entirely pos- 
sible to run the pump at 100 revolutions without decreasing the 
vacuum. 

The case against the double-acting horizontal pump is serious, 
however, as the water begins to leave the piston at mid-stroke 
and forms in a wave against the pump bonnet in readiness to 
escape as soon as the vapor behind it reaches atmospheric pres- 
sure. The clearance is thus left more or less filled with air 
and vapor depending upon the speed of the piston; and since 
the delivery chamber becomes the suction chamber on the re- 
turn stroke, the vacuum falls. To avoid churning, therefore, the 
above shows the necessity of low speeds for horizontal pumps, 
and moderate speeds for vertical lifting pumps. Any method of 
getting the vapor out of the clearances will make a high-speed 
pump entirely possible. 

The common reciprocating pump without fly wheel or shaft 
is better off in this matter of churning, as the piston has a fairly 
steady velocity from one end of the stroke to the other. It is 
very wasteful of steam and usually much too large. 


Fred’k Meriam Wheeler, Esq., Associate.—Mr. Bailey’s 
paper is certainly an admirable one, and is especially interesting 
to me, as I have had some experience in the matter of independ- 
ent air pumps; and it will give me great pleasure to discuss 
the subject at length at another time. I would like now to make 
reference to the indicator cards which Mr. Bailey gives from the 
steam cylinders of the Blake vertical twin air pumps on the 
cruiser Mew York. The cards that I have reference to were 
taken from the top ends of the steam cylinders. These cards, 
both in the steam line and the compression line, are rather un- 
usual. The explanation of this is the fact that the cushion valves 
were not properly adjusted before the trial trip took place. The 
result was that there was entirely too much back pressure, and 
consequently the pumps required more steam pressure than was 
necessary to run them. On the trial trips of the Co/umdia and 
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Minneapolis, the cushion valves on the Blake air pumps were 
correctly adjusted, consequently the pumps showed much better 
cards, and took considerably less steam pressure to run them. 
I simply mention this matter in explanation of the peculiar 
appearance of the cards referred to. 


George W. Dickey, Esq.—I have read this very excellent 
paper with a great deal of interest, the subject being one that 
has been repeatedly forced upon my attention under circum- 
stances that presented no means of escape from the responsibil- 
ity of deciding what next to do when an air pump could neither 
be coaxed nor forced into doing what it had been expressly built 
to do. 

I agree entirely with the author as to what the functions of an 
air pump as an appendage of the steam engine are, and how such 
a pump should be constructed to perform those functions with 
the least expenditure of power. I am somewhat disappointed, 
however, that Mr. Bailey should have confined his paper to a 
comparison between the merits of direct-driven and crank-driven 
air pumps, as I think the main question with engine builders 
and designers at present is, should the air pump derive its mo- 
tion from that of the main engine, or be an independent machine. 
It is needless for me to give my views on this question, as I 
could add nothing to the statement made in my paper read 
before the Engineering Congress at Chicago last year. 

In regard to the comparative space occupied and weight of 
direct-acting and fly-wheel air pumps, Mr. Bailey says that the 
direct acting will probably represent an average saving of 30 per 
cent. in space, and from 30 to 40 per cent. in weight. I find 
that weight and space is very largely a question of design, and 
so far as my experience goes, the pump operated through a 
crank shaft need not weigh more than the pump operated direct. 
The weight of one set of air pumps for the Charleston complete 
as they left the shop was 15,795 pounds. The pumps are 24 
inches diameter and 16 inches stroke. The volume displaced 
by one revolution was therefore 8.3 cubic feet; or the weight 
was 1,903 pounds per cubic foot displacement, and 4.78 pounds 
per indicated horse power of the main engines. 
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The weight of one set of air pumps of the Dow direct-acting 
type for the Monterey complete as they left the shop was 9,060 
pounds. The pumps are 20 inches diameter and 20 inches stroke. 
The volume displaced by a double stroke or one revolution was 
therefore 7.2 cubic feet, making the weight 1,400 pounds per 
cubic foot displacement, and 3.55 pounds per indicated horse 
power of the main engines. 

The weight of one set of air pumps—three pumps operated 
through a three throw crank shaft—for the O/ympia complete as 
they left the shop was 13,480 pounds. The pumps are 20 inches 
diameter and 20 inches stroke. The volume displaced in one 
revolution is 10.8 cubic feet, equivalent to 1,250 pounds per cubic 
foot displacement, and 1.55 pounds per indicated horse power of 
the main engines; so that, while the crank shaft air pumps of the 
Charleston are heavier than the direct-driven air pumps of the 
Monterey, the crank-shaft air pumps of the O/ympia are much 
lighter than either. 

In regard to the space occupied, the crank and fly-wheel 
pumps, if the dimensions of the rectangular space is to be meas- 
ured over the wheel, will naturally exceed that of the direct- 
driven pump; but it often occurs that floor space is of more 
importance than the cubic space occupied. This is the case with 
the air pumps of the Char/eston, there being plenty of room above 
where the fly wheel is, but nothing to spare at the floor line. 

In the table of comparisons on the opposite page, the cubic 
space occupied is the volume of the rectangular figure enclos- 
ing the largest dimensions, and from the examples there given 
it will be seen that the air pumps operated through a crank 
shaft need not occupy more space than those operated direct. 

In regard to economy of working, I fully expected that Mr. 
Bailey could have compared the amount of steam used say by 
the Monterey’s direct pumps with the Olympia’s crank pumps, for 
which he had all the data at hand in the Bureau of Steam En- 
gineering. I am not in this discussion advocating crank pumps, 
as I see no necessity for independent air pumps, but if they are 
to be used, let us have the best in efficiency and economy. 
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} Charleston. | Monterey. | Olympia. 
ea | 
| 3 throw crank 
Type of pump....... sossesee seeeeeess| Crank shaft. | Direct driven. | 3 shot 
Space occupied by pump, cubic | } 
POW nsisisicabetebancted svaptbow cane 299. 166.5 311. 
Floor space, square feet.......-++++ 15.3 | 16.25 19.25 
Space occupied per cubic foot dis- 
placement of pump, cubic feet., 35-8 22.9 28.5 
Floor space per cubic foot displace- 
ment of pump, square feet....... 1.8 2.2 3.7 
Space occupied per I.H.P. main 
engines, cubic inches........ ..... 156. } 114. 62. 
Floor space per I.H.P. main en | 
gines, square inches...... .....+04. 7 gI .32 


In a yacht engine that I designed last year to make 300 revo- 
lutions per minute, and of 200 horse power, I placed the air pump 
+} in its usual place in the main engine structure, and it has given 
no trouble, the engineer being fireman also, has little time and 
less skill to bestow upon an air pump that does not attend 
promptly to its duty. ; 

I am thankful to Mr. Bailey for the way in which he has pre- 
sented this subject, and trust that he will be able to present its 
economic side in another paper. 


[The discussion of this paper will be continued in the Novem- 
ber number of the JournaL.—£aivor. | 
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ELECTRIC TRANSMISSION OF POWER AND 
ELECTRIC LIGHTING, FROM THE POINT 
OF VIEW OF THE MECHANICAL 
ENGINEER. 


By PROFESSOR ALEXANDER B. W. KEnneEpy, LL.D., F.R.S. 


{ Address delivered before the British Institution of Mechanical Engireers. ] 


It is a well-known difference between engineering practice in 
this country and in most others, that the conditions of our work 
seldom allow us to carry specialization to any such great extent 
as is common, for instance, all over the Continent. With usthe 
belief that a man is “a thorough practical engineer”—whatever 
that may mean—is very generally taken as evidence that it is 
safe to ask him to do anything whatever which may be included 
within the vague general term “engineering.” Of the extent to 
which this feeling is carried, as well as—I must say—of the 
essential truth which lies at the bottom of it, no better illustra- 
tion could possibly be found than the position now held, with 
so much advantage to the public service, by my distinguished 
predecessor in this chair, Dr. Anderson. Some of us have occa- 
sion to examine continually the epitomized professional histories 
of engineers who wish to belong to, or to be promoted in, our 
Institutions. It is quite noteworthy in how many cases, 
especially in our own Institution, a man of thirty-five or forty is 
found to be working with great success in a line totally different 
from that jn which he gained his first experience. 

It happens that, having served my time with marine engineers, 
I have had in the last twenty-five years to busy myself with half 
a dozen varieties of mechanical and structural work (including 
what I may call the academic variety during many happy years 
at University College), and of late years also with the newest 
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variety of all—clectrical engineering. I trust that my electrical 
friends—those of them, that is, who are twenty years younger 
than I am—will forgive me for calling electrical engineering a 
variety of mechanical work. I mean nothing disrespectful, of 
course; but even to those who are much more thoroughly 
electrical engineers than I can ever hope to be, but who have 
had the chronological misfortune, like myself, to have become 
engineers before technical electricity existed (if I may be allowed 
so to speak), I think it must always be so. To such of us, 
electrical work has been grafted on to mechanical ; and any suc- 
cess we have had in the one, we trace back to its foundation in 
our knowledge of the other. And further—although I know 
that in this I lay myself easily open to an accusation of mere con- 
servatism—lI believe that even now the only really safe road to 
success’ in electrical work lies through the old routine of me- 
chanical training, modified, of course, by the excellent means for 
studying the scientific side of the work which now exist in so 
many directions. 

Practical electrical problems divide themselves probably into 
three main sections, in which electrical energy is used respect- 
ively for: 

1. Lighting. 

2. Power. 

3. Physico-chemical processes. 

The third section—where energy is. used for the deposition of . 
metals, for the reduction of chemical compounds, &c.—falls out- 
side of my own knowledge. From what I know cf the success 
with which it is being worked, I cannot doubt that it has a.great 
future. But its problems only touch engineering very indirectly 
as yet, and, therefore, hardly come within the subject which I 
have prescribed to myself. In this section may be included, at 
least for present purposes, the application of electricity to heat- 
ing. Not only the difficulty of producing the heat, but also that 
of producing it in a convenient fashion, have been overcome to 
avery large extent. The remaining difficulty is the purely com- 
mercial one of producing the heat sufficiently cheaply to allow 
of its general use. This, I am afraid, has not yet been overcome ; 
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and until it has been, electrical heating unfortunately hardly 
comes within our ken, except fur very special purposes. 

Remembering that something like 95 per cent. of all the 
energy that goes to incandescent lamps appears only as heat, and 
not as light, there appears to be an ample opening here for another 
“thermal storage” process, at least until the present lamps are 
superseded by the less wasteful type which the future will doubt- 
less reveal to us in good time. 

The use of electrical energy for power, 7. ¢. for transformation 
into mechanical energy, is a matter which lies obviously in the 
closest possible communication with mechanical engineering. 
It divides itself broadly into three sections, viz: (1) Transmis- 
sion from a distance for whatever purpose, (2) Transmission to a 
number of isolated points comparatively near together, as the 
tools in a factory, and (3) Transmission for the purposes of trac- 
tion on railways or tramways. 


The ‘¢ransmission comes in in every case because we have as 


yet no electric prime mover analogous to a steam engine. The 
electric motor presupposes the existence of a dynamo, which 
must itself be driven by some prime mover. From the dynamo 
to the motor, whether near or far apart, there must always be 
transmission of electrical energy. In a recent extraordinary 
aberration it seems to have been discovered that there was some 
positive advantage in using steam engine, dynamo and motor 
all in one place to do work hitherto done by the steam engine 
alone. This wonderful locomotive, however, forms, and no doubt 
will continue to form, a class by itself! 

The question of driving the tools in a factory by electric mo- 
tors instead of through counter shafting is one which has recently 
come to the front. The carrying out of such work is obviously 
purely a matter of mechanical engineering. Its advisability in 
any particular case is partly a question of economy and partly 
one of convenience, and is undoubtedly dependent on the condi- 
tions of each particular case. I have found from information very 
kindly given me by several large engineering firms that the 
actual cost to them of power, including coal, stores, wages and 
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depreciation, generally lies between 2 and 5 per cent. of their 
total cost. 
In any given factory running on the ordinary system, there is 
a large continuous waste of power due to the running of the 
whole shafting, no matter how many or how few machines are at 
work. Under such conditions the waste work in shafts and belts 
may well be even 25 per cent. of the average useful work, and 
the distribution of total work may be approximately : 
Horse power. 
Average useful work, : : : ‘ . 100 
Wasted in belts and shafting, _. : a 
Wasted in engine friction, the engine Being sup- 
posed large enough to give 150 horse power at 
tools as a maximum (at about Io per cent. of 
maximum horse power), . , : i a 


145 


Now, if all the machines in such a case were driven by sepa- 
rate motors, each having an electrical efficiency of 88 per cent., 
and these motors worked from a dynamo having an efficiency of 
92 per cent. (both of which are high figures for ordinary work at 
two-thirds output), the figures would stand as follows : 


Horse power. 


Average useful work, . . ; . , . 100 
Wasted in motors and dynamo, . ; , a 
Wasted in leads (say 2 per cent.), : ; ; 2 
Wasted in engine friction (as above), . ; ci? 

146 


It will be seen that the two sets of figures are practically the 
same as to amount of power required. As the electrical efficien- 
cies which I have assumed are not likely to be exceeded, I think 
it may be said that there is no saving to be obtained in horse 
power, and none, therefore, in any of the items of costs directly 
dependent on horse power, in cases where the power wasted in 
shafting and belts does not exceed 25 per cent. of the whole 
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average useful power. This is a ratio which any engineer can 
most readily obtain for himself. I have no doubt cases can 
be found where the waste in large factories with very widely 
distributed power is very much greater than the proportion as- 
sumed, and in such cases no doubt a saving in power costs would 
occur. 

But at the root of the matter there probably lies one ultimate 
determining point, far too often neglected in such calculations 
as I have just been making. This point is, of course, the real 
absolute saving to be made as distinguished from the propor- 
tionate saving. It is of little use to show an engineer that he 
can make even 20 per cent. saving in some one item of expendi- 
ture if that whole item only represents 3 or 4 per cent. of his 
costs, and if at the same time he has to expend a considerable 
amount of capital in making the change. In reference to our 
present point, it will prove sufficient to prevent the adoption of 
isolated motors in engineers’ works in all cases except where the 
waste in belt and shaft transmission is exceptionally great, or 
where, for other reasons, electrical driving per se is desirable. 
For the whole matter is certainly not concluded either one way 
or the other by this single consideration. 

There can be no doubt, on the one hand, of the practical con- 
venience of getting rid of the huge mass of shafting, gearing 
and belting, which fills up the upper half of many engineers’ 
shops, although it is difficult to fix any money value for this 
advantage. There is no doubt also that a properly arranged 
motor may give a much larger range of speed to each tool than 
can be readily obtained in the ordinary way, and will thus en- 
able more and better work to be got out of it with skillful man- 
agement. Were it not that such magnificent work has often 
been turned out in this country from such dirty and apparently 
disorderly shops, I should also say that it was self-evident that 
every change which improved the general orderliness and tidi- 
ness of the shop must—reacting upon the men employed— 
improve the output both in quantity and quality. 

On the other hand, it has to be pointed out that the cost of 
dynamo, leads and motors is very greatly indeed in excess of 


| 
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the cost of shafting in almost every case. It is also hardly cer- 
tain as yet how the costs of attendance, lubrication, renewals 
and repairs to the electrical plant, compare with the similar costs 
in the case of shafts and belting. Probably on the whole they 
would be less, but no satisfactory data on this point exist. 

There arise two special cases which should be mentioned. 
In cases where electrical energy can be obtained from public 
mains the comparison is quite different. The working of the 
printing machines, for instance, in the office of the “Pall Mall 
Gazette” is carried out electrically, the current being derived 
from the mains of the Charing Cross and Strand Electric Supply 
Company. The works in this case get rid of all costs of engines 
and boilers, with all their many inconveniences, and also gain in 
space most of the room occupied by their old plant. Moreover, 
they have a better security against breakdown than they could 
otherwise very well afford to have without most costly duplica- 
tion of plant. The matter then becomes simply one in which 
increased space, convenience and security are to be balanced 
against increased cost, and each case has to be considered on its 
own merits. 

At present it is not very certain how the engineer supplying 
the electric energy ought to look at suchacase. His chief busi- 
ness is, and will be, to supply energy for lighting purposes. As 
is sufficiently well known, the demand for lighting energy varies 
enormously throughout the twenty-four hours, so that, in fact, 
a plant which is giving 2,500 horse power for a couple of hours 
every day, and which, of course, must be large enough for this 
purpose, leaving still machines in reserve, will only be giving an 
average of 350 horse power taken over the whole week, and not 
even half this for many hours every day and night. It is, of 
course, very desirable to increase the load during the hours of light 
load, and if this could only be done without also increasing its 
present maximum, that is, without necessitating increase of plant, 
engineers could afford to sell the additional energy at a very low 
rate indeed. Unfortunately, the condition I have mentioned is 
impossible. There will always come hours when, through fog or 
other special causes, the power load will coincide in time with the 








556 ELECTRICAL ENGINEERING. 


lighting load. And even if this were to happen only once or 
twice a year, the engineer must none the less provide plant for 
it and keep the plant ready. The case is not met by differential 
charges at different hours. The plant must be provided all the 
same, and the additional outlay will not be met by the extra 
payment for a few hours’ work per annum. It may, however, 
very well be met by the value of the additional work done on 
360 days out of 365 at times when otherwise nothing would be 
done. This point I shall deal with later on. 

A second special case occurs when the cost of power forms a 
very large instead of a very small proportion of the whole run- 
ning costs of the works, and no doubt in several industries this 
is the case to a very much greater extent than in engineering 
works. 

I will ask you particularly to notice that in the case where 
electrical driving supersedes belts, the work is not done any less 
directly than before. Between the engine and the tool there 
stand, in the one case, belts and pulleys and shafts twice or thrice 
repeated, and in the other case dynamo and leads and motor, 
with or without a small belt from motor or machine. It is quite 
possible that the actual mechanical efficiency of the belts is 
greater than that of the two electrical machines and the leads 
between them. But in the case of the shafts and belts the losses 
are continually going on whether or not useful work is being 
done, whereas there are no losses in the motors unless they are 
actually running and driving tools. This brings the total losses 
equal in the case I have supposed, and in other cases may make 
the electrical method more economical. But the change is 
merely a substitution of one indirect method for another equally 
indirect method. 

In the third great case of electric transmission of power, for 
the purpose, namely, of driving trains or tram cars, we have a 
state of affairs which is entirely different, and which, I am afraid, 
is by no means so favorable to the use of electricity as is some- 
times supposed. In the case of a train drawn by an engine in 
the usual way, we have the whole of the net power of the engine, 
exclusive of that spent in internal friction and in actually haul- 
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ing itself along—say 80 per cent. of the gross indicated horse 
power—available for pulling its load along the line. In the case 
of an electric railway, we have truly a somewhat lighter locomo- 
tive to be moved, but against this advantage and the fact that a 
stationary engine can have a greater economy than a locomotive, 
we have the uncomfortable state of affairs that only some 35 per 
cent. of the whole indicated horse power, as against 80 per cent., 
is available for the useful work of pulling the train. It seems, 
moreover, hardly likely that this low percentage will be much 
increased. The cause of the loss is, of course, the extreme indi- 
rectness of the process, that is, the very great number of trans- 
formations through which the energy has to pass, in each of 
which there is always a loss. We may take the figures approxi- 
mately somewhat thus, always remembering that the average 
power would be less, probably very much less, than three-quar- 
ters of the full power of the plant at work : 


Per cent. 

Mechanical efficiency of engine, . , ‘ i, 
Efficiency of belt-drtving (if _— . - 94 
Efficiency of dynamo, . ‘ ‘ . go 
Efficiency of line, ‘ ‘ : ‘ , . 85 
Efficiency of motors, . ; ‘ ae 
Efficiency of gearing on ecasatilin d ; > oe 

Total efficiency, , ; ‘ 


From this is to be deducted, say, 10 per cent. for driving the 
locomotive, leaving 35 per cent. for pulling the train. 

I think it may fairly be said that, to a mechanical engineer, 
the greatest enemy to all economy is frequency of transforma- 
tion, and that it is, or ought to be, a fundamental rule in all en- 
gineering work that every unnecessary transformation, whether 
mechanical or electrical, should be avoided. 

Notwithstanding this terrible drawback, the absence of foul 
gases is of such overwhelmingly great importance in some cases, 
that the working of the City and South London Line has only 
been possible at all because electricity has been employed in- 


stead of steam. This, of course, is a case where mere economy 
38 
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of power was not the only or even the most essential thing 
sought for. In the Liverpool Overhead Railway, also, the con- 
ditions of the case rendered the use of steam locomotives impos- 
sible, as the line runs along a route on which they are prohibited. 

The case of tram lines along streets differs altogether from that 
of an underground or indeed any other railway. There is prob- 
ably no form of steam car which would be generally endured by 
the public. Here again, therefore, electricity would appear to 
come in regardless of cost, in the same way as with the under- 
ground railway, although for another reason. But here we are 


met at once with the mechanical difficulty (not existing, of course,. 


in the tunnel or on the overhead railway) of getting the current 
to the motors on the car. In America the knot is cut, rather 
than untied, by the use of overhead wires, and in country places 
it is possible that this may be here the best solution of the prob- 
lem. But in our cities, where the bulk of the tramway traffic of 
the country is really carried on, I am still conservative enough 
to think, and also to hope, that this is impossible. Without for- 
getting the much-quoted case of Buda- Pest, therefore, I fear that 
the introduction of electricity for car driving in this country will 
still wait until a practical underground system has been devised. 
Meanwhile it is being hard pressed by its rivals—cable and com- 
pressed gas. Of thetwol think the latter, although the younger, 
is far the more formidable. It has the advantage of being even 
more direct than a steam engine (the boiler being absent); it can 
be applied to each individual car even more easily than an elec- 
trical motor, and it enables the car to run freely on ordinary 
lines without their reconstruction, and without any mains either 
above or below ground. It has as yet had but short trial, but 
what I have seen of it makes me sanguine as to its ultimate pos- 
sibilities. 

Before speaking more particularly about the mechanical aspect 
of electric lighting problems, I feel bound to touch upon a mat- 
ter which arises directly out of the question of supplying electric 
energy for power and for light concurrently, to which I have 
just drawn attention. It is a favorite bit of cheap criticism in- 
dulged in by those who have not to supply energy on a large 
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scale at the expense of those who have, that the former class of 
folk show their ignorance of their own work and interests by 
neglecting to obtain that enormous demand for motive power 
which would come on them if only they reduced their prices: 
low enough. The criticism is as really absurd as that other 
which censures the gas companies because they do not supply 
heating gas at a few pence per thousand feet, which apparently 
they would be perfectly able to do if only they knew their own 
business half as well as their critics do! In both cases the 
criticism is mere words, “ signifying nothing.” We have simply 
to remember the fact that the mere possibility of driving some- 
thing by electricity does not of itself create the things that want 
to be driven. There are isolated districts in London in which 
there is a considerable amount of power of a kind which might 
be furnished electrically if the cost were made sufficiently low. 
In most parts, however, the whole energy expended in doing 
mechanical work is but a very small percentage indeed of the 
energy required for light, and it would not be increased in the 
least even if it were supplied for nothing. 

Whether in a purely manufacturing district it may ever be 
found to pay to put down a central power station and transmit 
power to factories, each of which would replace its steam engine 
and boiler by an electric motor, is a question about which there 
is a good deal to be said on both sides. I have already indicated 
the lines along which I believe this matter will settle itself. 

I pass now to the last and largest section of my subject, the: 
question of public electric lighting from the point of view of the 
mechanical engineer. From the side of the public, that is, of 
the users of electric light, the essential points are simple, viz., 
that the light should not visibly flicker, that it should not be 
below the declared pressure nor very much above it, that it 
should be available at all hours, and of course most of all that 
it should never go out! But any notions one might have that 
in consequence of the simplicity of this final result the means of 
attaining it would also be simple, are very speedily dispelled by 
a consideration of the facts. It is, alas! not sufficient to provide 
a shed, a boiler, a decently governed engine, and a dynamo or 
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alternator, and many and sad have been the disappointments in 
consequence. The fact is, that although the final result to be 
attained is always the same, and is always extremely simple and 
straightforward, the conditions under which that result has to be 
obtained are always varying, and are not only extremely complex 
in any one place, but are also different altogether in each differ- 
ent place. 

I will consider first those variations which are entirely beyond 
the control of the engineer, 2. ¢., the variations of load, and after- 
wards those which are within his power, 2. ¢., variations in the 
working of the station. To those of you who have practically 
to do with these matters, the variations I have to speak of are 
absurdly familiar, but to others—probably the majority—they 
are still sufficiently unfamiliar to be of some little interest. I 
have, therefore, prepared diagrams which may illustrate them. 

Diagram 1* shows the variations of output of a lighting sta- 
tion during a whole year. Each vertical division stands for one 
week. Irregularities are due to particularly foggy weeks, or to 
weeks in which public holidays occur, such as Easter and Whit- 
suntide. For the rest the curve follows pretty obviously the 
changes in daylight, except that the minimum occurs not in the 
very middle of the Summer, but during August, in consequence 
of the large number of private houses which are shut up at that 
time, while the days are still too long to require the use of any 
artificial light in shops which close at seven o’clock. 

Diagram 2 shows the variations within a week, each vertical 
division standing for one day. Here, of course, the chief varia- 
tion is that which occurs on Saturday and Sunday. 

Diagram 3 shows the variations occurring within one day, the 
vertical divisions each standing for one hour. In this diagram 
three days are actually shown, one in December, one in August, 
and one in June, and it will be noticed that the three are very 
" * This diagram corresponds to the output at the Davies-street station of the West- 
minster Electric Supply Corporation, during 1893. The great excess in the last 
quarter over the first quarter is to a considerable extent due to the larger number of 
lamps which were on circuit towards the end than at the beginning of the year. The 


great drop in the last week of all is due to the fact that that week included Christmas 
day and Boxing day as well as a Saturday and Sunday, 
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different. In winter there is practically always a double maxi- 
mum, one occurring about breakfast time or in the forenoon, after 
which the load falls off in the middle of the day and reaches its 
full maximum towards evening. In the summer time the morn- 
ing load disappears altogether, and there is only one maximum, 
which occurs much later than it does in winter. In fact, I have 
noticed that in London at any rate, the average time up to which 
people use light is fully an hour later in summer than it is in 
the winter, a somewhat interesting fact in sociology. In August 
the “peak” of the diagram becomes a minimum, the private 
houses using no light because they are closed, and shops be- 
cause the days are still too long. 

The thin line on Diagram 1 shows in rather an interesting 
fashion that the maximum load and the maximum output by no 
means vary together. The maximum load is much more con- 


stant than the maximum output, and does not vary nearly so - 


fast or so much. The quantity which chiefly varies is the time 
during which that load lasts, and this time is, of course, depen- 
dent on the hours of sunlight, or more particularly on the inter- 
val between sunset and closing, or bedtime. 

Besides the variations shown in these diagrams, it is right that 
I should mention one or two others. A very important class of 
variations are those which may be said to be due to latitude. In 
a place as far north as Aberdeen, for instance, there is practi- 
cally no night for two months in the year, and fora much longer 
time than this no lighting whatever is used in shops, and hardly 
any in private houses. On the other hand the hours of lighting in 
the winter are proportionately longerthaninthe south. Theeffect 
upon the annual output diagram would be not to alter its area 
considerably, but to thicken it up in the winter and reduce it 
very much in the summer. As an illustration of northern loads 
I have shown in Diagram 4 load curves for a winter and a sum- 
mer day, taken at a little station which was running in Glasgow 
supplying offices some two years ago. 

One set of variations which puzzles and troubles the engineer 
very much is the varying amount of light thought necessary by 
people in different parts of the country. No doubt this depends 
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to a considerable extent upon the nature of the premises in 
which the light is used, but even this is hardly sufficient to ex- 
plain the whole of it. In a purely residential district in London, 
for instance, the average energy used per annum is only about 
12 units per lamp wired. In a mixed district like that of the 
Westminster Company it is about 16 units per lamp wired. In 
a very rich district containing many clubs, like that of the St. 
James’ Company, one is not surprised to find that it amounts to 
22 units per lamp wired. But one is on the whole surprised to 
find that in Newcastle it should be as much as 25 units, and in 
Leeds 27. It is no doubt with less surprise that one notices 
that the consumption of 38 units per lamp which existed in 
Exeter when current was paid for by contract and not by meter, 
was exactly halved as soon as consumers were made to pay for 


the amount which they really used. 


There is one set of variations which, unlike all those which 
have been mentioned above, is to a certain extent under the 
control of the engineer. I mean the variations on the two sides 
of a circuit which is arranged upon a three-wire system. Here, 
of course, the engineer in the first instance endeavors to connect 
about the same number of lamps wired on each side of his sys- 
tem, and to see that the balance is approximately right, not only 
over the whole system, but over each small section of it. In 
spite of all the care that may be used in this matter, however, I 
have found that a three-wire system may be very often greatly 
out of balance for a few minutes at a time, owing to causes 
entirely beyond the engineer’s control. Rapid changes in this 
respect occur chiefly within the fifteen or twenty minutes during 
which load is coming on most rapidly in the afternoon. Ina 
station when the load was increasing from 2,000 up to 8,000 
ampéres, I have frequently seen that in the course of ten minutes 
first the positive and then the negative side would have 400 or 
500 ampéres more than the other. By the use of a balancing 
machine which can be transferred by a single switch from one 
side to the other, the case of course can be met as it arises, but 
it is sometimes a little surprising that the changes should be so 
large and so rapid. 
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I have endeavored to indicate to you some of the great num- 
ber of variations in conditions, in spite of which the engineer 
has to obtain a uniform result. All these variations—even the 
last—are practically altogether beyond his control. Some of 
them occur with considerable regularity, and can be foreseen ; 
others are most irregular, and come without any warning what- 
ever. But all of them affect very greatly both the method and 
the cost of production. The method first, because the efficiency 
and regularity of supply must be considered before the matter 
of economy. Any method of supply which was inevitably liable 
to breakdowns and interruptions would be wholly condemned 
on that ground alone, even if it happened to be of the very 
highest economy. But given any one of the many methods of 
supply which are equally good as to result to the consumer, 
then that method must mainly be judged by its economy under 
the particular conditions in which it has to work. It will, of 
course, be borne in mind that the cost of power production in 
this case is not a mere 3 or 4 per cent., as in the case of a factory. 
It is 50 or 60 or 70 per cent. of the whole expenses, the balance 
being expenses of management and distribution, along with in- 
terest, depreciation, and other charges connected with capital. 

As to the effect, then, of the uncontrollable variations on 
system or economy, the first thing which I have to point out is 
that their madness is not entirely without method. There are 
two points of special importance. First of all, there will never 
be more than certain proportions of all the lamps which are 
wired alight at once, either at times of maximum or of mini- 
mum load. The maximum maximum on the circuit of the 
Westminster Company is about 35 per cent.; on that of the St. 
James’ Company, I believe, over 60 per cent.; of the House to 
House Company, about 35 per cent. In Glasgow, where a 
present the light is solely in the region of offices and shops, the 
proportion is as high as 56 per cent. You will see that these 
proportions depend largely upon the nature of the places where 
the light is used. This proportion, which, of course, can be 
only an estimate in any particular place until the experiment is 
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made, fixes for the engineer the maximum number of lamps 
wired for which a given horse power will supply current. 

The maximum minimum is an almost equally important quan- 
rity, and in most places the engineer has to do with two such 
maxima, one for the day hours and another for the night. Ina 
purely residential district the night load will always be very small, 
and the day load will be practically #z/. In the City of London 
the day load, in consequence of the number of dark places to be 
lit, is considerable, the night load extremely small. In a mixed 
district like that of the Westminster Company, the day load in 
the middle of summer is not greatly more than the night load. 

It is to be noted, however, that the night load is practically 
the same all the year round, while the day load, even apart from 
fogs or exceptional weather, necessarily varies very much. The 
maximum maximum also, as we have seen, varies very much at 
different times during the year, although it never exceeds a cer- 
tain amount. Itis also worth noticing that in general the night 
load on acentral station will increase but slowly with the growth 
of the station. The first consumers who take the light are most 
often those who are most in need of it, who require it for dark 
corridors and long hours. Later on thousands of lamps may 
come on to a circuit in shops, offices and in ordinary private 
houses without a single one of them being used after midnight. 
In an average district the day load increases faster than the night 
load, because out of any large number of shops and offices some 
are sure to have dark places requiring current in the daytime. 
But neither night nor day loads increase nearly as fast as the 
maximum evening load, which, a certain normal condition hav- 
ing once been reached, will increase exactly in proportion to the 
lamps wired. In an alternating current station where very nu- 
merous isolated transformers are used, the night load increases 
nearly proportionately to the day load, because of the increase 
of magnetizing current. 

The determination of the sizes of units to be used in any 
station depends essentially on the probable values, absolute and 
proportionate, of the loads I have mentioned. It is now a 
commonplace, although a few years since no one seems to have 
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thought of it, that the machinery in a station should be so sub- 
divided that under all sets of conditions which remain steady for 
a few hours ata time it should be possible to have such ma- 
chinery as is running, running more or less nearly fully loaded; 
only in this way can much economy be hoped for. It must not 
be taken, however, that this is a mere question of arithmetic, 
which can readily be settled off-hand. In every case—it is to 
be hoped—the output ofa station will be much greater ten years 
hence than it is to-day. The engineer has not uncommonly to 
consider somewhat difficult pros and cons when he is called upon 
to provide machinery which shall be of such a type that it can 
allow dividends to be earned during the years of growth and 
yet remain still suitable in the time of maturity. 

It is further to be remembered that this question of the choice 
of size of unit is also quite modified in the cases where condens- 
ing plant is used instead of non-condensing. A good condensing 
engine uses nearly the same steam per indicated horse power 
hour at any load above half output. The increased consumption 
per electrical horse power hour is therefore proportionately much 
less than in the case of non-condensing engines, and the economi- 
cal importance of fully loading the machines is correspondingly 
minimized in stations where condensing plant is employed. 

The question of size of unit leads naturally to that of the nec- 
essary magnitude of reserve in any case. I think this is a simple 
matter, but no doubt it is sometimes wrongly treated. To 
make the reserve a fixed proportion to the total plant, for in- 
stance, is a method which can only possibly come right by a 
fluke. I will not argue for the necessity of a reserve—that ap- 
pears to me to be beyond any argument. The reserve is re- 
quired for two purposes—to provide against breakdown of plant, 
and to provide against accidental increase of load on special oc- 
casions. It isin the primary conditions of the case that the light 
absolutely must never go out, even if a machine wholly breaks 
down at the time of full load. From this it follows as a mere 
matter of arithmetic that the minimum of reserve must be a unit 
equal in size to the largest unit in the station, so as to be capable 
of taking its place if it breaks down. 
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Those questions about the running of a lighting station which 
are essentially matters of mechanical engineering, group them- 
selves mainly in three sections, according as they relate to (1) 
security, (2) efficiency of regulation, and (3) economy of working. 
It is obvious that the fundamental question of the choice of 
an electrical system in any particular case connects itself with 
all three. 

Of the three points I have put security first, because no doubt 
the absolute certainty that nothing short of a boiler explosion or 
of the burning down of a station shall stop the supply of current 
is really the very first condition of supply. Clearly with any ma- 
chinery the burning of an armature, the seizing of a bearing, or 
the breaking of a shaft, are possibilities which may have to be 
faced at any moment. They seldom occur—very seldom, happily 
—but sooner or later one or other will come about, and the en- 
gineer in charge has to be provided with means for preventing 
any such accident having more than the most transient effect on 
his light. Ofcourse, the existence of proper reserve plant, such 
as I have already mentioned, is the first necessity of the case. 
Scarcely less important, however, is the necessity that such re- 
serve should be almost instantly available. Where all the plant 
is running in parallel, z. ¢., where all the dynamos or alternators 
are working straight through the same pair of omnibus bars on 
the switchboard, it will very often happen that the other machines 
which are at work may of themselves be able, at least for a few 
minutes, to take up the load of the one which has broken down, 
and so to allow time for another machine to get started. It may 
quite well happen, however, that these machines may be them- 
selves running very nearly at full load, and that the broken down 
machine may have had so large a load upon it that this is im- 
possible. In any case a large machine, say 400 horse power or 
more, cannot be started and got on circuit in a few seconds, and 
seconds are of importance in these cases. For this reason, in 
stations which use alternating currents it is usual, and probably 
necessary, to have one reserve machine always warmed up and 
running round at half speed, so that it is merely a matter of 
opening a stop valve to let it away in a condition ready for put- 
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ting on circuit, although the synchronizing in is unfortunately 
always a matter which may cause some minutes’ delay. In con- 
tinuous-current stations it frequently happens that a battery is 
used which can give so high a discharge for four or five minutes 
as to take the place—along with the machines remaining on circuit 
—of the machine which has given way, until another machine has 
been started and put on. So far as it goes this is no doubt a great 
advantage, but it must be remembered that the mere existence of 
a battery, and even of a battery quite sufficient for helping in day 
and night light loads, is not sufficient to insure that the battery 
shall be available for help in this fashion. Two details are easily 
seen to be essential when it is remembered that the failure may 
occur during the hours of full load. As the volts are highest at 
such a time the battery must not only have sufficient capacity, but 
must also have a sufficient number of cells to give in discharge 
the full electromotive force of the station, and this will not be 
the case unless the engineer has specially provided for it by an 
unusually ample number of cells. Secondly, the battery must 
have been fully charged beforehand, so as to have the maxi- 
mum electromotive force per cell available. This involves that 
the battery charge should have been completed during the day, 
before the hour at which full volts could possibly be required 
from it in case of any accident. A battery which could only 
discharge heavily at 215 volts would be practically no use what- 
ever as security against a drop of pressure after an accident 
which might possibly occur at 230 volts. 

In an alternating-current station where the machines are not 
run in parallel, but where each alternator supplies current to its 
own separate circuit or bunch of circuits, the sudden failure of 
a machine must instantly cause extinction of light in the circuit 
affected for the fraction of a minute which must elapse before 
the circuit can be thrown on to other machines, or the few min- 
utes which it must take to get another engine started and plug- 
ged on. Ina station worked on this plan, however, the machine 
which is turning round as stand-by can be kept excited and giv- 
ing the volts corresponding to its speed, and can be plugged on 
in readiness, so that the circuit from any machine which has 
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broken down can be instantaneously switched on to it and it 
can be run up at once to full electromotive force without, of 
course, any of the delay which would be unavoidable if it had 
to be synchronized and put in parallel. It has also to be borne 
in mind that in cases where a number of alternators are running 
in parallel, the breakdown of one may tend directly, in certain 
cases, to endanger all the others—a trouble which does not exist 
if circuiting be used. On the other hand, the circuiting system 
causes inevitable, if slight, flickers in the light, which are quite 
avoided by running in parallel. It also necessitates the use of 
comparatively numerous circuits, as no one can be allowed to 
carry more than from 30 to 50 kilowatts at a time when it is 
switched on or off. 

‘ dt must be recognized that in one matter the requirements of 
security and of economy are more or less opposed. If an en- 
gineer is quite certain that whether by the help of batteries or 
otherwise he can bring his reserve into action so promptly that 
the worst breakdown will not spoil his lighting, he will no doubt 
always run each unit of his plant as nearly at its full capacity as 
possible. But if for any reason he cannot be so sure of his re- 
serve, he will gain greatly in security by running his plant always 
so far under its maximum that he can distribute the load of any 
one unit for a few minutes over the others without endangering 
them. But of course this is practically equivalent to underrat- 
ing the whole capacity of the plant by a considerable percentage, 
probably 20 per cent., and consequently of increasing the capital 
cost of the plant per unit of normal maximum output by just the 
same percentage—a result which one does not wish to face. 

I have spoken of possible breakdown of engines or dynamos. 
There are, of course, other accidents to be provided against. 
Short of a boiler explosion, the most serious of such accidents 
would doubtless be one occurring to a steam pipe. The physi- 
cal consequences of the actual bursting of a steam pipe are not, 
of course, the matters at present under consideration. In all 
probability such an accident would disorganize any station, no 
matter how well arranged. But short of the actual bursting of 
a pipe, many things may happen which may render it necessary 
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to shut down a certain portion of piping. It is generally neces- 
sary, therefore, to provide any lighting station with something 
in the nature of a ring-main system, or its equivalent, by which 
any engine in the station can be supplied with steam from two 
directions. In a properly arranged ring-main system it should 
be possible to disconnect or cut out of use any section of steam 
pipe which may be giving trouble without stopping a single en- 
gine. Of course it is not necessary to provide pipes so large 
that under these conditions there should only be the normal 
drop of pressure between boilers and engines. One can put up 
with an extra drop without grumbling if it only occurs under 
these circumstances. It is inevitable, to reach the required de- 
gree of security in this matter, that the steam pipe should be 
fitted with a very large number of valves, and these are undoubt- 
edly objectionable, if only on account of the very considerable 
loss by radiation, which is almost inevitable from their covers 
and flanges. But, after all, the making of good steam joints in 
large pipes at 150 pounds pressure is nowadays a very simple 
matter, and the unavoidable complexity of the arrangement is 
more than counterbalanced by its usefulness. 

The duplication of the steam pipes must obviously extend to 
the boilers as well as to the engines. The hanging up of a 
safety valve, the blowing of a mudhole joint, the bursting of a 
tube, or any one of half a dozen other such accidents, may put 
a boiler suddenly hors de combat. It must be possible, therefore, 
at the shortest notice, to cut out any boiler without interfering 
with the working of the rest. Fortunately, boilers can be forced 
more readily than engines or dynamos, and such an accident 
could almost always be met by forcing the remaining boilers 
somewhat. 

Reserve in boilers stands thus in the same. position as reserve 
in machines, except in so far that the boilers can be more easily 
forced, as I have just pointed out. With them, however, as 
regards security of working, there comes in an even more diffi- 
cult question than that of reserve, namely, that of readiness for 
emergencies other than breakdowns. Even in London, where a 
fog may cause the load on a station to increase 10 times in as 
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many minutes, there is practically no difficulty in getting the 
engines started quickly enough. It is otherwise with the boilers, 
which, although so easily forced when actually in work, are 
terribly sluggish in getting up steam, as compared with the 
rapidity with which unexpected darkness comes over London. 
At the most inconvenient time for a breakdown, namely, the 
time of full load, the engineer knows at least that an engine or 
dynamo accident can hardly affect him to more than 15 or 20 
per cent. of his whole work, of which, at the worst, a consider- 
able portion can in most cases be taken up by the remaining 
plant. But the most inconvenient time for a fog to come on is 
at light load, and then the increase coming on in a few minutes 
may be anything from 500 to 1,000per cent. And the engineer 
must be able to meet this in June as much as in December, and 
with even less notice. Practically this means that, even in sum- 
mer, enough boilers must be kept under steam—if not at full 
pressure, at something near it—to be able to take up this 
enormous increase of load in 10 minutes, as soon as ever their 
fires are brought forward and their dampers opened. I need 
hardly point out to you, after going over all these points, that it 
is improbable that the fuel consumption per indicated horse 
power hour in electric light stations will ever reach, or can ever 
reach, anything like so low a figure as has often been reached in 
first class steamers, where the engines and boilers work on con 
tinuously day and night at pretty much their most economical 
load. 

I will mention just one more point as to security of working 
in a station—the feed arrangements. A duplication of feed 
pumps and pipes is an obvious precaution, and one that prob- 
ably every one adopts. But few of us can keep water stored in 
sufficient quantity to last for more than three or four hours at 
full load, so that without special arrangements we are liable to 
be extremely inconvenienced by any accident happening to the 
mains of the water companies outside, which may compel them, 
on short notice or even no notice at all, to cut off the supply for 
a few hours. The best arrangements to meet this contingency 
vary in different places, but the engineer must not lose sight of 
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the fact that the difficulty is one which may occur at any time, 
and from causes altogether beyond his control and even knowl- 
edge. 

Outside the station the question of security comes in in con- 
nection with the mains. Toa certain extent every station which 
uses either high or low-tension feeders has some reserve in their 
very number. When a company has more than one station, 
trunk mains led from one to the other are also a considerable 
security, as well as a great help toeconomy. Mr. Frank Bailey, 
of the Metropolitan Electric Light Company, has carried out a 
most excellent ring or looped main system on his high-tension 
distributors, by which he can make sure that any consumers can 
be supplied two different ways round the circuit, so that any 
accident to the mains may cause a minimum of inconvenience to- 
a minimum number of consumers. In ordinary low-tension dis- 
tributing networks, the same result should be aimed at, although 
it cannot generally be obtained in what the mathematicians 
call so “ elegant” a manner. 

I have next to speak of the regu/ation of an electric lighting 
station, as forming, along with its security, the two matters which 
chiefly affect the consumer of electrical energy. All that the 
consumex cares about is that the pressure in his house should 
be steady to the eye, and should be not less than its nominal 
value,and not very greatly above it. In all stations working on 
a large scale this constancy of pressure in the consumers’ houses 
necessitates a constantly varying pressure at the station, in order 
to make up for the loss of pressure in the mains, which is itself 
—wholly or in part, according to the system of supply—de- 
pendent on the amount of current passing through them. In an 
ordinary alternating-current station the pressure at times of max- 
imum load exceeds that at times of minimum load by about 5 
or 6 per cent. In an alternating-current station, with low-ten- 
sion distributors, the excess may be about 12 or 15 per cent. In 
an ordinary low-tension station, with three-wire system, it may 
often be 20 per cent. The actual figure, of course, depends on 
the current density permitted in the copper; but the figures I 
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have given illustrate the sort of percentage which different en- 
gineers have found it advantageous to adopt on a large scale. 

The primary requisite for proper regulation is obviously 
enough that the engineer shall know the actual value at each 
instant of the pressure which he desires to keep steady. In 
every case where low-tension distributing mains are used, this 
pressure is the pressure at certain feeding points or at certain 
sub-stations, and it is best known at the central station by direct 
indication—bringing back pilot wires or potential leads from 
such points direct tothe station and connecting them to suitable 
voltmeters there. In these cases the regulation consists in so 
running the machines that the pressure indicated by these volt- 
meters is always kept at the desired amount. What appears to 
me a less satisfactory method is sometimes adopted, namely, the 
determination by calculation, or by experiment, of the loss of 
pressure corresponding to each output, adding this loss to the 
normal pressure, and regulating the dynamos to the correspond- 
ing sum, transformed if necessary. Apart from the fact that in 
this case the pressure actually received by the consumer is only 
estimated and not really measured, so that the thing measured 
is not the really important quantity, there is the additional draw- 
back that the regulation is to a varying quantity instead of to a 
constant one, and is, therefore, less likely to be thoroughly satis- 
factory. 

In cases where distribution is by high tension, with isolated 
transformers, there is, of course, no direct means for keeping the 
pressure constant in the consumers’ premises. If the distance 
between the nearest and the furthest consumer on any circuit 
is much less than the distance from the station to the nearest 
consumer, there may be a reasonably good regulation by the 
indirect means I have just described. In the case where the 
distance from the station to the nearest consumer is small in 


proportion to the distance from the nearest to the furthest, no 
such regulation is practically possible; and, in fact, in these 
cases, the section of the copper must be made so large as to re- 
duce the drop of pressure within negligible limits. 

By one or other of the methods which I have mentioned, and 
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preferably, no doubt, by the use of pilot lines, the engineer in 
the station knows to what pressure he is to work. In every case 
the station must work at a varying pressure, although in some 
instances the variation may not be great. The highest pressure 
must occur always at the times of greatest load. Several means 
are at the disposal of the engineer for varying this pressure. 
Best of all, I think, as being most convenient and most easily 
controlled, is the provision of sufficient additional resistance in 
the fields of the dynamos or exciters to enable the magnetic field 
to be altered by the mere moving of a switch having many con- 
tacts. Of course, to a certain extent this method wastes energy, 
but the quantity so wasted is so very small in proportion to the 
whole, that it is not too high a price to pay. The switches can 
be placed upon the switch gallery so that the whole of the reg- 
ulation may be done by the man in charge there, and be quite 
removed from the actual control of the engine-driver. In order 
that this method may be satisfactorily carried out, the engines 
must be so arranged that they can be run entirely upon their 
governors, the stop-valves being opened fully as soon as the 
machines have taken up any load. In this connection it is worth 
while noticing that for continuous-current machines constancy 
of speed—which is, of course, to be distinguished from steadiness 
of speed, quite a different matter—is not in itself in the leasta thing 
to be insisted on. The governor must be so set as entirely to 
prevent the engine racing in the case of a sudden short circuit or 
other breakdown. But apart from this, an alteration of 5 per 
cent. or more is not a matter of the least moment. In fact, for 
practical purposes, it is generally better that the governor should 
not be too finely set. Of course it may quite well happen that 
in the case of any one engine it may have to run throughout 
nearly its whole range of power at the same electrical pressure. 
If, therefore, the governor is so arranged as to allow of a drop 
in speed at full load, the field resistance must be so proportioned 
that notwithstanding this drop it can either keep the pressure 
constant or allow it to be increased within the desired limits. 

A much less satisfactory method of regulation is by means of 
the stop valve, that is to say, by the engine driver actually open- 
39 
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ing or closing his main steam valve, according to the output 
required. If this has to be done, each engine driver must be 
able to see the pressure to which he has to regulate, and instead 
of regulation taking place by an easily moved switch in the hands 
of one man, it has to be carried out by the action of half a dozen 
stop valves in the hands of perhaps as many different men. The 
enormous voltmeters which were made a few years ago, and I 
believe are stiil used in America in some places, having faces so- 
large that they can be seen all over an engine room, were de- 
signed in connection with this particular method of regulation. 
Regulation by field resistance was perhaps then not so well 
understood as it is now. At any rate, there can be no doubt 
which method is the better on all practical grounds. 

I have been speaking of efficiency of regulation so far as it 
affects or is affected by the gradual alterations of load, such as 
are represented upon the diagrams on the wall. At times of 
full load this is practically the only matter of importance, because 
at such times any sudden increase or decrease of load is small 
proportionately to the whole load of the station. But ina station 
where the load every afternoon is, say, 1,000 kilowatts, it may 
quite well happen that in the early hours of the morning, or 
during a bright forenoon, the total load is little more than a 
hundredth part of this. In such a case the sudden throwing on 
or off of a motor without proper starting resistance, or even of a 
photographer’s arc lamp under similar conditions, may increase 
or decrease the actual output by 20 or 30 per cent. or even more. 
Such variations are most often excessively sudden and of ex- 
tremely short duration, so that they are particularly difficult to 
regulate for, and one must only be thankful that in the nature 
of things they can only occur at times when a little flickering of 
the light is not noticeable. In stations which are able to use 
batteries, there is no doubt that the battery acts practically the 
part of a fly wheel in respect to these rapid variations. 

I now come to my last section, namely, that of economy of 
working a station, still looking at the matter, of course, from 
the point of view of the mechanical engineer. Economy of 
working covers two sets of questions. There is, first, the reduc- 
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tion of direct cost of coal, oil, stores, water and maintenance per 
unit or per horse power hour; and secondly, the obtaining of 
the greatest possible ratio between the net useful and the gross 
indicated horse power. Taking these matters in their order, the 
question of coal naturally comes first. In an electric light station 
the cost of coal averages not far from four-tenths of the total 
working expenses. While, however, this matter is so important 
a one, it is yet one on which so much has been said and written 
that it need not detain us long. There is no one type of boiler 
—at least, I do not know of any—which is better than all others 
under the conditions of an electric light station. Indeed, I would 
go so far as to say that from the point of view of economy there 
are five or six types of boiler which, with equally good stoking, 
will yield equally good and in every respect first-class results. 

One thing which tells very much against the economy of an 
electric light station in respect to its evaporation per pound of 
fuel, is the extent to which, during all day in many places, fires 
must be kept alight, and pressures up in boilers capable of giv- 
ing eight or ten times the actual output, and the extent to which 
in all stations fuel must be expended in getting boilers ready for 
the heavy load which comes on only once in 24 hours. These 
stand-by losses are not, as one would think, losses which get less 
as the output of the station increases, for the proportion which 
the stand-by boilers will bear to the actually used boilers at any 
moment will be practically constant, whatever the output of the 
station. I have found that the total stand-by losses can be 
reduced in some cases to under 8 per cent. of the total fuel. Be- 
low this I have not yet succeeded in coming, although I hope a 
lower ratio will be obtained in the future. I am afraid it is often 
considerably more than Io per cent. 

I believe that a far larger proportion of fuel waste in a station 
occurs through causes beyond the boilers than in the boilers 
themselves, that is to say, it is much more easy to get a good 
evaporation per pound of coal than a small consumption of water 
per indicated horse power. Of the causes which contribute to 
this, the first is undoubtedly the very great loss which occurs by 
condensation in the steam pipes and by leakage through drains 
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and other valves before ever the steam gets to the engines at all. 
This is probably much greater in proportion in an electric light 
station than in most other places, because the requirements of 
security, which I have already discussed, necessitate the use of 
a very elaborate system of steam pipes, much more elaborate 
than is found in any other works. Not only does this system 
of steam pipes present a large radiating surface, and in various 
ways offer particular facilities for cooling the steam, but also the 
absolute necessity of keeping the pipes clear of water at all times, 
so that any section of them can be used safely at a moment’s 
notice, involves the use of drain pipes and cocks. These neces- 
sary adjuncts to a system of steam pipes, along with the appara- 
tus which we call by courtesy steam traps, and use in connection 
with them, are a continual source of waste and annoyance to the 
engineer. The drain cocks get left open, or if they are shut 
they leak themselves open, the steam traps require more looking 
after than the whole of the rest of the machinery put together, 
and altogether the whole system of pipes, drains and traps 
probably cost us in many cases Io per cent. of our whole fuel. 
In some experiments which I recently had made I have found 
the proportion to be 8.8 per cent., and I have reason to think 
that it is often far greater. Apart from this matter I know no 
reason why any engine in an electric light station should not 
work every day and every hour at exactly the economy which 
the same engine reached on special trials made at the same load 
under the strict conditions of a specification. I have, in fact, on 
many occasions compared the running of engines in this way 
with the running of the same machines at the same loads on 
their original tests. When I have subtracted the amount of 
steam used for the feed pumps, the difference was never greater 
than I have found to be covered by the condensation losses 
which I have mentioned. Of course it is necessary to remember 
that engines working in a central station at very varying powers 
cannot be expected to give average results equal to those ob- 
tained at full power on trial. The results should be compared 
on the basis of tests at corresponding powers, and in order that 
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this comparison may be carried out, I always have a series of 
graduated tests made before taking over machinery. 

After the cost of coal comes the cost of oil, water and stores. 
These three items together cost in the average about one-fifth as 
much as the cost of the coal alone. There is not much which 
can be said in circumstances like the present on the question of 
economy in this part of the expenditure, which really depends 
altogether on the good management of the engineer in charge. 
Such matters as the filtering and re-using of lubricants, and as the 
prevention of all needless waste of water, are obviously to be con- 
sidered. Itis, perhaps, generally sufficient for the engineer to find 
out the very lowest cost under these heads obtained in any other 
station, and to believe he can do a little better if only he tries 
hard enough. Cost of repairs and maintenance, still more than 
that of oil and stores, is one about which little can be formulated. 
There is no one type of engine or dynamo, so far as I know, 
that can be definitely said to be ahead of all others in respect of 
the fewness of its repairs. There are several types of machines 
which in the hands of careful engineers certainly give very good 
results, although it is somewhat difficult to compare the published 
figures under this head, on account of the number of electrical 
stations which are still wholly or partially in the hands of their 
contractors, and in which, therefore, the full amount of repairs 
does not appear in the accounts. 

I have mentioned that the economy of a station depends on 
two sets of considerations, namely, the actual quantity of fuel, 
stores, &c., per indicated horse-power hour; and, secondly, on the 
actual relation between the useful power and the gross power. 
It is obvious that it would be of no use to save IO per cent. on 
the coal per indicated horse-power hour if that saving involved 
the use of machinery whose mechanical efficiency was 10 per 
cent. lower than it would otherwise be. This brings us face to 
face with the question which is always one of the most important 
to the engineer, namely, when he has got his horse power in his 
engine as cheaply as possible, how to arrange so as to utilize the 
largest possible proportion of the horse power thus obtained. 
The utilized horse power is represented, in the case of an elec- 
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tric-light station, by the energy passing through consumers’ me- 
ters and paid for by them. Between this useful horse power and 
the indicated horse power of the engine there comes, first, the 
loss in the engine itself; then the loss between the engine and 
dynamo; thirdly, the loss in the dynamo itself, and, fourthly, all 
the losses between the terminals of the dynamo and the consum- 
er’s meter. As to loss in the engine itself, this does not appear 
to vary very much in different types of engine of first-class make. 
Approximately, it may be taken as about 10 per cent., sometimes 
a little less, of the full power of the engine, and as remaining 
very nearly constant at all powers as long as the speed is con- 
stant. Thus the mechanical efficiency of an engine which is 90 
per cent. at full load will be only about 80 per cent. at half load. 
The efficiency of a dynamo at full load is much higher, it may 
be as much as 95 per cent., and may be still go per cent., far be- 
low half load. Thus the ratio of electrical to indicated horse 
power of a first class steam engine and dynamo may be 85 per 
cent. at full load, and something like 76 per cent. at half load. 
This assumes that the engine drives the dynamo direct, and that 
there is therefore no loss in transmission between them. I must 
confess that it remains a complete puzzle to me,a puzzle of which 
I have never found any solution, why engineers should wish, in 
addition to these practically unavoidable losses, to spend cer- 
tainly 5 per cent., and on the average probably much more, of 
the whole of the power in their station in moving ropes or leather 
belts which have nothing whatever to do with the ultimate re- 
sult, and which take up an enormous amount of space. The true 
solution of the matter really appears to me beyond all doubt to 
be either the use of quick-running engines, as is so common in 
this country, or of slow-running dynamos, as is so commonly 
the case on the Continent. I am, of course, here speaking of 
driving by steam engines, not by gas engines, in which latter 
case a number of other considerations come in. 

As most steam engines take practically the same power per 
revolution to drive themselves, it is obvious that at low powers 
an increase of mechanical efficiency will be obtained by running 
at a less speed than that used for full power. This, of course, 
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requires a specially arranged adjustable governor and a wide 
range of control in the field regulation. But I think it is worth 
doing in many cases. 

The losses between the dynamo terminals and the consumers’ 
lamps are, in a low-tension system, simply the losses in the leads. 
In a high-tension system they cover the losses, in general very 
much smaller, in the leads, but also those in the transformers 
as well. This is not a place nor a time for entering on a discus- 
sion of the relative merits of high and low tension systems—a 
matter which to anyone who is not a partisan of one or the other 
could certainly not be adequately discussed in any time short of 
the whole of that which has been occupied by this paper. More- 
over, I need hardly point out that the choice of a system cannot 
possibly rest upon any one single point, such as the relative mag- 
nitude of the losses for a single cause. At present, so far as the 
figures to which I have access go, it may be interesting to you 
if I mention that in the case of a low-tension system where the 
maximum proportion of loss in the feeders is allowed to reach 
20 per cent. or thereabouts, the actual average loss of energy 
throughout the whole year amounts to about Io percent. This 
is, of course, entirely due to ohmic resistance of the feeders them- 
selves and of the network. I have no statistics by which I can 
compare feeder losses only in an alternating-current system with 
the figure I have just mentioned, but so far as those figures go 
to which I have access, apparently the total losses both in mains 
and transformers in a high-tension system are not less than 25 
per cent. of the energy generated. It is probable, indeed I think 
it is certain, that this figure will be very considerably reduced 
in the cases where banked transformers are employed with low- 
tension distributing mains. I hardly think, however, that it can 
be expected that the total losses will ever be so low as with a 
low-tension system. 

I have already alluded to the extent to which the economy of 
a station is affected by the average load at which its units are 
run. To attain the greatest economy it is obviously advisable 
that the machines actually at work at any moment should all be 
as nearly as possible fully loaded. The extent to which this 
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can be actually reached in practice varies greatly. In one case 
that came under my notice the average load during 24 hours 
was 78 per cent. of the load which would have been reached if 
the same machines had run the same number of hours each at 
its full power. In another case the percentage was 58. What 
this particular percentage may be always depends on the exact 
relations between the load and the size of the units, and there- 
fore in any station may vary very greatly at different times of 
the year. It is, however, not at all as easy as has often been 
thought to make the load factor, to use the expression in the 
sense of the above ratio, very high. I find it difficult enough in 
many cases, even with the use of comparatively numerous units, 
to keep it up to an average even of 65 per cent. Of course it 
has to be remembered that whether or not it is economical, the 
station engineer has to make certain that he has sufficient plant 
running to take up the work as it comes on. It is much the 
less of two evils that he should have every engine running every 
day half an-hour before it is wanted, than that once a year he 
should be just too late with one or two of his machines. When 
the system of transformer sub-stations comes to be worked out 
practically a little more than it is at present, I believe that this 
load-factor problem will be found to be there even more trouble- 
some than it is in the engine room, and that the capacity of the 
transformers which the engineer will consider it necessary to 
keep on circuit in order that he may be always safe against 
breakdown of any of them, will be considerably greater than has 
been often assumed. 

I would only, in conclusion, mention one other matter. The 
mechanical engineer may be supposed to be ofall others one who 
will most naturally take to the making of’ measurements of all 
kinds. Any passion which he may have for this has ample scope 
in connection with electrical work. Electrical measurements, 
at least with continuous currents, can be made more easily, with 
simpler apparatus, and more accurately, than any other such 
measurements. I do not doubt that this fact has helped very 
much in the extremely rapid progress made during the last few 
years in matters electrical. Apart altogether from the more re- 
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fined measurements which should be made from time to time 
for special purposes, there is no difficulty in getting continuous 
measurements, self-registered, with an average error of not more 
than 1 per cent., of the current sent out from each dynamo in a 
station. Theaverage station volts can also be easily obtained with 
fair accuracy, and the amount of electrical energy developed at 
the dynamo terminals can thus be continuously measured as no 
other similar amount ever has been measured. This amount has 
to be compared with the amount of energy actually paid for, that 
with the sum of the readings on the meters of consumers. 

Some of the electrical companies have published with their 
annual reports detailed electrical balance sheets which show how 


is 


very small the unaccounted-for quantity now is. In the case of 
the Westminster Electric Supply Corporation it was over 5 per 
cent. in 1891, 3.16 per cent. in 1892, and was still further reduced 
to 1.28 per cent. in 1893. 

Unfortunately, with alternating currents measurements are 
very much more difficult and troublesome, and consciously or 
unconsciously, I think this fact has, to a certain extent, hindered 
their adoption. There are now, however, alternate-current watt- 
meters practically free from error due to circuit induction, and 
capable of giving results with quite sufficient accuracy under the 
actual conditions of station practice. I believe that very great im- 
provements in the economy of alternate-current working will date 
in every case from the time when the station commences to make 
accurate determinations—based on something different from the 
engine driver’s hourly entries in a log—of the true energy gen- 
erated and the way in which it has been expended. 


Regarding Professor Kennedy’s statement that, in electrical 
traction, the total average efficiency does not exceed 35 per cent., 
Mr. C. S. DuRiche Prellier, writing to “ Engineering,” says: 

Surely this is either a mere conjecture, or Professor Kennedy 
means that 35 per cent. is the total /oss, so that the average effi- 
ciency is 65 per cent., which is nearer the mark. 

There are, within my own experience, at least eight electrical 
lines worked by spur-geared motors, where the total average 
efficiency ranges from 65 to 72 per cent. In one of these cases 
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—a steep-grade adhesion line with 8 per cent. grades—the guar- 
anteed efficiency is 60, the actual efficiency 65 per cent. 

No less astonishing are the remarks in which Professor Ken- 
nedy pits cable traction and compressed gas motors against elec- 
trical traction, to the advantage of the former, an assertion which 
is hardly worthy of the fi siécle. As regards cable traction, I 
hope before long to show conclusively that even this can be 
more economically worked by electric motive power than by 
steam direct. And with reference to gas and oil or compressed 
gas motors, Professor Kennedy surely does not seriously contend 
that even for ordinary tramway work they possess anything like 
the general advantages, or can develop anything like the tractive 
power of electric motors fed from a central station? On the line 
with 8 per cent. grades already mentioned, as well as on another 
quite recently opened line on the Continent, with a continuous 
7 per cent. gradient, the electric motor cars, at an adhesion of 
one-eighth, run up the incline at a uniform speed of eight miles 
per hour, a performance which, at equal total car-load, is out of 
the question either with steam, gas, oil, or compressed gas 
motors. 

Professor Kennedy’s contention would have some foundation 
if, instead of compressed gas motors, he had shown a predilec- 
tion for compressed air motors, because these motors undoubt- 
edly do provide a perfectly smooth and noiseless means of 
mechanical traction, free from smoke, odors or conductors of 
any kind. Successful examples may be found on the Nogent 
tramways near Paris, and in an even more interesting and attract- 
ive form on the Berne tramway in Switzerland, and because the 
system is admirably adapted as the best substitute for electricity 
in provincial towns. 

I do not know what results Professor Kennedy expects from 
the compressed gas motors of whose “ possibilities’ he speaks 
so confidently, but the following practical examples conclusively 
show, I venture to think, the comparative weights and powers 
of vaporized oil (Conelly), compressed air, and electric motors, 
the weight including 36 passengers : 
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Weight. Power. Grade. 

tons. HP. per cent. 
Conelly vaporized oil motor plus I car, 10 15 2.5 
Berne compressed air motorcar, . . 9 30 5 
Florence and Fiesole electric motor car, 8 40 8 


Mr. Frank B. Lea, in the same paper comments as follows: 

We are told that the total efficiency from indicated horse 
power in the station steam engines to the driving axles on the 
line is only 35 per cent. in the case of an electric railway, as com- 
pared with 80 per cent. in ordinary steam working. There is no 
need just now to dispute the latter efficiency ; it may be assumed 
correct; but Professor Kennedy will be nearer the truth if he 
doubles the ratio in the former case. Otherwise, I cannot credit 
the 88 per cent. ratio between station indicated horse power and 
electric horse power on the line which was recently stated by 
Mr. Thomas Parker before the Institution of Civil Engineers to 
represent actual working results on the Liverpool Overhead 
Railway. Take an even less favorably situated and operated 
line, the Mont Saléve electric rack railway. The working re- 
sults upon this are as follows: 


Loss per cent. in generators, ‘ ‘ ‘ ae 
Loss per cent. in line, . ; . ; , a: 
Loss per cent. in motors and gearing, . : . 26 


and the mean efficiency is stated to be 52 per cent.—a low per- 
centage, due to the unfavorable arrangement of the motors and 
gearing. This latter line, be it remembered, is one where gear- 
ing is essential, but on ordinary railways the idea of introducing 
gears at all between motors and driving axles would be scouted 
as absurd by any one who has studied the subject at all. Yet 
Professor Kennedy allows for an efficiency (or rather inefficiency) 
of 75 per cent. in this item alone, which is absolutely non-exist- 
ent in a well-designed road. Then he deducts I0 per cent. from 
the efficiency for loss of energy due to deadweight of electric 
locomotive, but makes no allowance whatever apparently for a 
similar loss in the case of steam locomotives. Yet the respective 
deadweights are almost as 1 to 6 or even 10. For the figures 
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which he gives in order to arrive at the total efficiency the fol- 
lowing may, I think, with far more accuracy be considered reli- 


able: 


Per cent. 

Mechanical efficiency of engine (preferably direct coupled), 85 
Efficiency of dynamo, , ; ; ‘ ; ; a 
Efficiency of line, ; , . : : , 3c 
Efficiency of motors, ; . . 7 ; ; , gO 
Total, . : R , ‘ ; i : 5, : an 


In all this, however, it must not be forgotten that a test of the 
mechanical efficiency of the steam motor is not the furthest step 
we can take backwards, for the ratio between fuel efficiencies at 
full or even average loads of the stationary and locomotive steam 
motors respectively will be at least 5 to 3, if not more. 
Although, therefore, the total efficiency as given above of an 
electric line be only 69 per cent. of the engine power, whilst that 
of a steam line is assumed at 80 per cent., yet the final ratio, 
based on the coal bill, will be, say, 34.5 and 24 respectively—a 
very material difference. 
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THE FRENCH TORPEDO-BOAT CHEVAL/ER. 


[Translated from “ Revue Industrielle.’’ ] 


Now that the power and speed of our ships of war are being 
discussed, and comparisons made with the fleets of foreign coun- 
tries, it may be interesting to show that private French builders 
are not behind those of other countries, and that they are study- 
ing and improving our naval materiel. A paper by M. de Dax, 
read before the Society of Civil Engineers of France, on the trials 
of the torpedo-boat Chevalier furnishes the opportunity. 

This boat is from the works of Mr. Augustin Normand, who 
has already delivered three boats of the same type to the French 
Navy—the Dragon, the Grenadier and the Lancier. The last one, 
the Chevalier, differs slightly from the previous ones, and pre- 
sents some peculiarities of interest. Her principal dimensions are: 


Length between perpendiculars, feet, . - 144.33 
Breadth at L.W.L., feet, . ; ; , . 14.40 
Depth, feet, . ; , ‘ ‘ ; , 4.43 
Displacement, tons, . : ; ; . verse 


The ratio of length to beam is practically 10 to 1, while the 
Lancier, her immediate predecessor, had a ratio of 9.5 to 1, being 
137.76 feet long and 14.43 beam, with a displacement of 118.36 


tons. 
On account of the difference in dimensions, and the internal 


arrangements adopted in the Chevalier, she carries only 17 tons 
of coal against 22 in the Lancier. 

One of the most interesting parts of this type of boat is the 
stern, the principal characteristics of which are a long overhang, 
* the rudder arranged forward of the screws, and the rotation of 
the screws in the same direction, the circles described by the 
tips of the blades partially overlapping each other. 

Since 1890, Mr. Normand has held that the rudder placed 
forward of the screws should have a turning power at least equal 
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to what it would have if placed abaft them ; provided that, in the 
first case, the water shed by the rudder can regain its normal 
direction before reaching the screws. 

The rudder of the Lancier was placed forward of the screws, 
and that of the Dragon aft. The time of turning, and the ease 
of handling, was the same in each case, and if anything slightly 
in favor of the Lancier. These results induced Mr. Normand to 
fit the same arrangement on the C/eva/lier, as it embodies certain 
advantages. It gets rid of a part of the keel aft; the rudder is 
not so much out of water when the boat is pitching; and the 
breaking of the column on one of its faces is less frequent at 
high speed. 

The Chevalier, as before stated, is fitted with two screws, each 
in a different transverse plane. The result is that the shafts 
have been placed closer together than would have been pos- 
sible with the usual arrangement, and that, as before stated, the 
circles described by the tips of the blades partially overlap each 
other. Hence, there is a reduction in the lateral projection of 
the propellers, thus avoiding a frequent cause of accident. 

The dimensions of the screws are: 


Diameter, feet, ; : : ; ; ; 5.85 
Mean pitch, feet, . . ‘ ; , : 9.05 


Hitherto, in vessels propelled by two screws, the screws have 
turned in opposite directions, one right and the other left handed. 
In the Chevalier both screws are right handed, with the same 
pitch, and both turn in the same direction. This arrangement 
has been adopted by Mr. Normand for the following reasons : 

If we look at what takes place in the case of two screws turn- 
ing in opposite directions, it is readily seen that the water set in 
motion by one of the blades, as A in the sketch, has an ascend- 
ing motion; the blade B, which also moves upward, moves in a 
fluid having motion in the same direction as itself, and which, 
consequently, has a certain motion in advance of it. In the 
second arrangement, however, the blade A gives the water an 
upward motion, but the blade ZB tends to give it motion in the 
opposite direction. Consequently, the reaction is greater, and. 
the efficiency of the screw blades greater. 
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Finally the cutting away of the keel near the screws facilitates 
the motion of the particles of water tending to replace those set 
in motion by the rotation of the screws. 

As to the influence of the immersion of the screws and the 
speed upon the breaking of the column of water acted upon, 
Mr. Normand has recently read a paper before the Association 
Technique Maritime, in which he demonstrated the importance 
of it. 

Boilers and Engines.—The boilers are of the DuTemple type, 
two in number, and are placed in a common boiler room. Each 
has 826 tubes and contains 43 square feet of grate and 1,642 
of heating surface, or 3,284 square feet of heating surface for the 
two boilers. 

The engines are of the twin screw triple-expansion type, and 
are provided with various appliances for reducing as far as possi- 
ble the vibrations due to the inertia of the moving parts. 

The boilers are provided with feed-water filters and feed-water 
heaters. After having tried various substances, such as cotton 
waste, gauze and coke, Mr. Normand finally decided to use 
sponge in his filter; and as now constructed it consists of three 
layers of sponge superposed, and placed either in the feed tank 
or between the air pump and the feed pump. 

The feed heater is a surface heater; that is, the steam does 
not come in direct contact with the water, and it is placed be- 
tween the feed pump discharge and the boiler. In Torpedo Boats 
Nos. 126 and 129, with compound engines, the steam for heating 
the feed was taken by a special valve from the middle of the 
stroke of the low-pressure cylinder, but in the boats with triple- 
expansion engines it is taken from the low-pressure steam chest; 
in other words, the steam used for heating the feed water has 
already given up two-thirds of its work before being used in the 
heater. The efficiency of these heaters has been greatly in- 
creased since 1892, and during a test at low power the temper- 
ature of the feed has been raised from 187 to 203 degrees and at 
full power from 194 to 241 degrees. According to Mr.Normand, 
the trials of a number of torpedo boats seem to show that at a 
speed of from 10 to 15 knots there is an economy of 20 per 
cent. due to the use of the heaters. 
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The special accessories on the engines are the automatic traps 
and the cylinder relief valves. Each engine has three traps, one 
for the high-pressure steam chest, one for the jackets, and the 
other for the feed-water heater. The special relief valves are 
for the purpose of preventing excessive compression; when the 
compression exceeds the pressure in the steam chest, they open 
and allow the steam to return to the chest. They have been in 
use for some time and have given good results. 

Mr. Normand has given special attention to the question of 
vibration due to the inertia of the reciprocating parts, and has 
reached the following conclusion : 

With three cranks at 120 degrees apart, or four cranks at 90 
degrees, and the same weight of reciprocating parts for each 
cylinder, the sum of the moments of inertia in the direction of 
the axes of the cylinders is w7/ for all angular positions of the 
cranks, whatever the ratio of the length of the connecting rod 
to crank may be. Upon this theory, the three pistons of the 
Chevalier have been made almost exactly the same weight; on 
account of the air, bilge and feed pumps being worked from the 
I. P. piston rod, the latter piston is about 6.6 pounds lighter than 
the others. 

The arm of the couple producing vibration may be considered 
as proportional to the distance between the axes of the extreme 
cylinders, and in order to reduce this distance to a minimum, 
the valves have been placed at the sides of the cylinders. 

In addition, the engines have been made rigid in a longitudi- 
nal plane by means of diagonal bracing, and special braces also 
tie them to the deck and to the beams, so that the strains which 
are transmitted are taken up by these parts. Experience has 
shown that this method of tying the engine to the deck and the 
beams gives the best results, and the official report says that the 
vibrations were almost imperceptible. 

Armament.—Being a boat intended by her speed to escape 
pursuit by an armor clad or even a large cruiser, she has only 
to defend herself against boats of her own class, and so a light 
defensive armament suffices. She carries, in fact, only two 37- 
mm. rapid-fire guns. For offensive purposes she has two 18-inch 
torpedo tubes mounted on carriages. 
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Speed.—There were two trials, the first one for economy at a 
speed of 10 knots, and the second at full speed. 

To obtain the speed of 10 knots but one engine was used, the 
starboard one, with only one boiler, the grate surface of which 
had been reduced from 43 to 31 square feet. The following re- 
sults were obtained: 


Revolutions of port screw, disconnected, » 4% 
Revolutions of starboard screw, . : - 149.3 
Speed, knots, : : : ; . 10.326 
Steam pressure, pounds, , : ; . 142. 
Coal per hour, pounds, ; . 174. 


Coal per hour per square foot of grate, sini 5.61 
Coal per knot, reduced to a speed of 10 knots, 
pounds, : ‘ ‘ ; ; . a Se 


The full speed trial gave the following results: 


Revolutions per minute, . ' ‘ ; 360.66 
Speed, knots, . ; : , > . 27.22 


Steam pressure, pounds, 


2II. 


1.H.P., estimated, 2,700. 
Coal per hour, pounds, ‘ 5,378. 
Coal per hour per square foot of grate, pounds, 62.5 
Coal per knot, pounds, 197.6 
Coal per I.H.P. (approximate), wand 1.99 





During this trial, it was observed that the boat had a list of 
2° 10’ to port due to the arrangement of the screws, and that 
the port ‘screw being thus deeper immersed was more efficient. 
The engines seemed capable of working off more steam, but the 
boilers could not furnish it, and the trial was stopped on account 
of the hard work on the firemen, each of whom had to fire about 
44 pounds of coal per minute. 


40 
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TRIAL DATA OF STEAMSHIPS. 


By J. M. Lincotn, Esg., AssociaTE. 


The accompanying tables, giving the principal dimensions and 
the trial speed and power of steamships, have been in my pos- 
session for some time, and, as I have found the data therein con- 
tained of much service in sundry calculations of projected work, 


I submit them for the use of other members of the Society. 
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MEE CUUNORONRG, GROS .ccvccccsccssesscceccosscnnsnnnses sceseoceccosenesenoetes 72.46 X 16.56 X 9.5 | 228 & 30X 21.67 
Length on water line, feet.. 89. | 223. 
Mean trial draft, feet....... 5 13.58 
Depth of keel, inches 8. 
Moulded draft, feet... 
Displacement, tonS..........0++++++ 95. 
Displacement tons < 
Area @ square feet ..... ...0ccccc.cccorcccsccccessosees 
Entrance angle mean, degrees and minutes.. end 
Total surface, square feet............++ st a 1,650 
Propeller tips, in or out of water. 
Area of propeller disc { Total... 
? | Immersed.. 
Immersed area, square feet (propeller) face 
in units of 100 square feet........cccccrccsccssssceeesess eeseocee eaneves eccocveese | 
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Raynhild. 


111.7 X 21.5 X 10.21 
108. 
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4- 
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Shakspeare. Shakspeare. Umbria. 
272 X 35-79 272 X 35-79 500 X 57 
270 270. 500. 

9-79 9-79 22.33 
9-5 9-5 12. 
g.0 19.43 21.33 
1,666. 4,087. 9,860. 
0.745 0.805 °. 
290.5 659. 1,000. 
12 30 17 16 8 36 
11,491 18,122 35,061 
Out. In. Out. 
168.7 168.7 471. 
131.2 168.7 435. 


1,005 


11.3 
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14,321 


20.18 
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TRIAL DATA OF STEAMSHIPS. 










Angjulli. Ophelia. Raynhild. 
38 XK 8 o1 X 4.29 64.12 X15.58X 10.15 111.7 X 21.5 K 10.21 
35. 4.67 108. 

3-5 2.0 6.58 7.76 
ovcenpece 4- 4- 
2.175 6.25 7-45 
7-7 | 62.2 141. 
0.61 | 0.52 0.5 
12.53 64.05 91.87 
12 12 15 9 3° 

333 1,090 2,190 











Torpedo-Boat | Torpedo-Boat, 
: Shakspeare. Shakspeare. 
Seid. Thornycroft. 
272 X 35-79 272 X 35-79 
270 270. 
9-79 9-79 
9-5 9-5 
9.0 19.43 
1,666. 4,087. 
0.745 0.805 
290.5 659. 
12 30 17 16 
11,491 18,122 
Out. In. 
168.7 168.7 























Umbria. 





Twin-screw, shal- 


low-draft Steamer 








1.H.P. 
860 
1,050 
1,150 
1,280 
1,430 
1,600 
1,750 
1,950 
2,160 
2,400 
2,680 
3,040 
3,400 
3,800 
4,300 
4,300 
5,420 
6,050 
6,780 
757° 
8,480 
9,420 
11,542 
13,920 
263.8 


14,321 


20,18 


Congo. 


7° X 10.6 








8 


10.49 





Charles V. | Kronprintz. 
323 X 33 286 X 43.4 
323. 286. 

14.83 23.61 
. |  — emmes 
54.95 | ccveccces 
2,479. 5,668. 
0.6392 0.69 
400. 1,000. 
7 15 Io 30 
14,045 21,000 
wt. j= |  _ cesssscce 
201. 
189. 
1.345 socedevee 
1.H.P. 1.H.P 
105 woceees 
148 
210 
284 
330 
385 
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Skagul. 


Twin-screw, 


Urd. 


171.4X —X25.8 171.4X —X25.9 
171.42 | 


5,920 


seeccesee 





1.H.P. 
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Chelydia. 


300 X 39 83 




























































Moulded dimensions, feet and inches..........0..ssssssseeeeceseeesere eoccceee 300 X 45 4 X 27.1 274.6 X 34 X 26 307 X 33 X 26 
Length on water line, feet and inches. 300 274.6 307 
Mean trial draught, feet and inches. - 8 1 15 5% 13 7% 
Depth of keel, inches................ oi 11 9 10 
Moulded draught, feet.. 17.17 14.7 12.79 
Displacements, tons..... 3,290 2,338 2,311 
Displacement, tons * 35 0.548 0.688 0.662 
Area $ section... 700 433 397 
° 13.55 85.5 103.2 
20.35 14.73 15.5 
29 0 103.5 100.5 
137- 86 104.3 
Angle of entrance. 8° 33’ 9° 46’ 8° 33’ 
Bottom surface... 6,695 5,570 6,315 
Side surface.. 10,423 8,150 7:9°7 
Total surface... . 17,118 13,720 14,222 
Propeller tips in or out of water, feet and inches . 2 gin I 3 00ut 2 oout 
-_ § Total, square feet..... ectssmaneneseatbenees 258 207 18 
Area of propeller disc } Soastteadl eS ee ee 253 207 
Immersed area + surface immersed in units of 100 square feet. 1.51 1.46 1.19 
1.H.P ie 204 site 
284 
392 
540 292 
8.5 knots. . 628 340 
9 knots.. ‘ 716 Sea aide 410 
9.5 knots. . seapsenniecdaniesese : 825 595 477 
to knots. . ‘ 944 636 578 
10.5 knots 1071 $03 685 
11 knots 1216 940 820 
11.5 knots. 1380 1.88 1028 
12 knots. . weseseoe coens eee 1576 1273 1250 
B.S RROUB. ccccccsevcccnes esce . 1779 1472 1569 
13 knots. 2020 oo ‘on ae 
13.5 knots. . 2285 
$6 RO.. .cccccce 2,80 
14.5 knots. 2922 
15 knots. ....... 3300 
15.5 knots. 3742 
16 knots. 4180 
16.5 knots. .... 4788 
i en 5280 
17.5 knots. .. 6040 
18 knots. .. jae 6650 core ica 
Pe MP oF DB. ccctinncccccvceciseteseinve sliliigubinandinvkiavenannigiiabosuuabides 188. 237. 234.6 
 @ | a: % % 2 | 
a o | js of % ad a) | 
n 3 a n “ c | 
o } : } 
&% 3 2 2 x 
m 4 a 2 S) a 
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Africa. 


315 * 


172 


33 * 





Goa. 


297 X 33 





466 
535 
625 
717 
844 


1126 
1302 





Hawea. 


March 27, 1875. 


215 X 27 X 14.7 
215 
m5 
7% 
10.83 
1,088 
o 656 
270 
74-0 
12.4 
67.0 
75.0 
9° 31’ 
3,497 
4,700 
8,197 
7% out 
113 
111 
1.36 
95 
132 
180 
243 
290 
326 
381 
438 
516 
612 
785 
gi2 


° 
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11.86 


Hawea. 


April 1, 1875. 











230.0 


855 


11.86 





Pau-7 
Merkara. 


June 23 
369 7 X 29. 5 X 34 
3 22 
16 8 
15-33 8.3 
35949 1,154 
0.712 0.676 
525 20664 
106.3 72. 
156.4 
107.7 
5 
8,796 
11,400 








(a.) To outside 
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Pau-Tah. Pau-Tah. 
Merkara. Fung-Shun. Wakatipu. General Pel. Chanda. 


German. 
June 23, 1875. July 1, 1875. May 


| 


| | om 


369 X 37 X 29.6 | 225 X 34 X 21 | 225 X 34 X 28 | 225 X 34 X 21 | 290 X 33 X 25 | 350 X 39 X 31 | 380 X 


309 225 223 225 2g0 | 35° | 
16 3 8 5 12 4 11 8% 14 10% | 18 834 | 1 
i 1% im | M4 1% | 4 | 
15.33 8.31 12.23 | 11.6 14.75 17.94 | I 
3,940 1,156 1,830 1,720 2,740 | 4,540 | 3 
0.712 0.676 0.719 0.713 0.719 © 703 | te 
525 266 399 378 460 | 646 | 
106.3 72.4 64.5 65.7 81.5 | 104.0 | 
17.12 16.0 16.3 16.3 18.6 180 | 
156.4 79.2 96.0 93-6 127.0 142.0 | 
107.7 74-6 66.5 | 67.7 83.0 105.5 | 
9° 9’ 12° 23" 14° 11’ 13° 30’ 10° 50’ 9° 49’ | 
8,746 4,867 5,232 5,192 6,501 8,860 ‘ 
11,400 3.796 5 600 | 5,312 8,642 12,670 i 
20,396 8,663 10,832 | 10,504 15,143 21,530 | \ 
o 4in 3 2% out o 244 in o 44m o ¥Yout o 7in 2 
214 113 | 113 177 240 
214 89 113 1977 240 
1.05 1.03 1.08 1.17 1,11 
seeeeeteeeee 97 oeeeeeres | 14 195 
280 153 | 175 268 
384 230 261 364 
514 335 379 485 
595 403 450 564 
677 482 53" 652 
780 580 625 756 
goo 678 736 876 
1034 814 852 1025 ] 
1194 95° 1026 1182 
1365 1131 1220 1376 
1559 1350 1444 1595 ; 
1770 1628 1712 1850 1 
coccceee ‘ 2135 1 
2465 q 
2850 q 
} 3293 : 
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(a.) To outside of planking. 











Manora. 


May 10, 1878. 


Manora. 


May 29, 1879. 





80 X 38 X 30.6 
380 


14 4% 
It 
13.46 
3,531 
oO 702 
463 
113.1 
17.21 
153.8 
114.4 
8° 39’ 
9,190 
10,280 
19,47° 
2 6 out 
240 








| 380 x 





38 X 30 
380 
16 5% 
11 
15.52 
4,210 
0.717 
54t 
107.6 
17-43 
164.8 
109.0 
9° 12’ 
9,500 
11,880 


Glasgow. 


o> 
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468 
543 


1156 
1500 











Shunlee. 








10.78 





10.68 








12.3 











Shunlee. ‘ 
Byculla. Pretoria. 
July 25, 1878. July 31, 1878. 
x 32 X 28 230 X 35 X 28.9 230 X 35 X 28.9 350 X 40 X 32.6 
264 230 230 
11 7% 9 0% 135 
9% 1% 1% 
10.83 8.93 13.32 
1,778 1,300 2,095 
0.746 0.67 °.71 
316 295 449 
67.1 75.8 66.7 
14.6 16 48 16.85 
129.8 78.4 96.6 
68.6 77.6 68 8 
12° 17/ 12° 16/ 14° 11 
5749 5,082 5,503 
5,783 4,181 6,239 
11,532 9,263 11,742 
1% out o min 
177 123 
170 123 
1 48 1.05 
95 gt 
139 136 
194 200 
260 290 
312 355 
368 434 
434 531 
512 660 
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D> 18 


3 (a.) 
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x 28 


12° 17 
5,749 
5,783 
11,532 
o 10% out 
177 
173 
1.5 
78 
131 
188 
282 
336 
388 
453 
525 
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7*3 





10.78 





Shunlee. 





Shunlee. é 
Byculla Pretoria. 
July 25, 1878. July 31, 1878. 

264 X 32 X 28 230 X 35 X 28.9 230 X 35 X 28.9 35° X 40 X 32.6 
264 230 230 350 
1 7% 9 0% 13 5 im 1% 

9% 1% 1% 11 
10.83 8.93 13.32 18 0% 
1,778 1,300 2,095 41588 
0.746 0.67 °.71 0.689 

316 295 449 
67.1 75.8 66.7 109 0 
14.6 16 48 16.85 18.46 
129.8 78.4 96.6 132.0 
68.6 77-6 68 8 110 5 
12° 17’ 12° 16/ 14° 11 9° 37’ 
5749 5,082 5,503 8,900 
5,783 4,181 1239 12,740 
11,532 9,263 11,742 21,640 
1 1% out 2 gout o tin o g%in 
177 123 123 240 
170 103 123 240 
1 48 1.18 1.05 1.11 
95 83 gt 164 
139 127 136 239 
194 185 200 338 
260 263 290 470 
312 312 355 549 
368 372 434 639 
434 45° 531 750 
512 548 660 881 
609 1038 
1212 
1427 
1€62 
1941 
2265 
2655 
3120 
3711 
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Chilka. 


Dec. 10, 1878. 


Chilka. 


Dec. 25, 1878. 


285 X 35 X 26.6 285 X 35 X 26.6 
285 285 
13 0% 20 41 
10 10 
12.2 20.08 
2,330 4,197 
0.717 0.763 
399 674 
80.6 67.1 
16.35 16.8 
123.8 150.9 
82.2 69.1 
11° 28 14° 4 
6,684 75325 
7,032 11,610 
13,716 18,935 
1 30ut i 
201 
194 
141 
105 
160 
231 
326 
385 
455 
541 
648 
737 
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Sirdhana. 


310 x 














Rotomahana. | Rotomahana. pew Twin-screw | Awning-decked 
: Knots. 
July 11, 1879. July 14, 1879. Steamer. Steamer. 
285 X 35 X 25 | 285 K 35 X 25 | 340 X 41 X coeses 
285 I Saree: 118 6 
15 0% 15 7% 15 WI 6 8% 
1%  '.. {eum 6 
14.93 15-55 14.3 6.18 
2,425 2,543 2,870 211.5 
0.625 0.624 0.635 0.592 
478 500 465 105.6 
107.4 107.0 We oD: rae 
16.0 16.1 a a 
70.2 71.0 a a 
108.6 108.1 125.1 esese 
8° 28’ 9° 33’ 7° 29 18° of 
5,686 55731 Se eo 
8,582 1920 9,788 
14,268 14,051 16,812 
1 5%in °o g%in I 5 0ut 
6 231 
223 
1.33 
213 
287 
380 
498 
560 
650 9 
742 9-5 
859 10 
993 10.5 
1152 | 11 
1346 11.5 
1592 H 12 
1900 12.5 
eeeeee 13 
13-5 
14 
14.5 
15 
erence 15.5 
evecee 16 
ccccee 16.5 
eeeeee 17 
teens og 
elitiehes I 
oe a ho es 
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NOTES. 


FURTHER TRIALS OF THE BELLEVILLE BOILERS OF THE SHARPSHOOTER. 


The following trials of the boilers of this vessel have been 
carried out, in addition to those which were recorded in the last 
number of the JoURNAL: 

ist. A trial.of eight hours duration at sea, with all boilers in 
use under natural draft : 


Steam pressure in boilers, pounds, ; ‘ 216. 
Steam pressure at engines, pounds, ; ; 140. 
Vacuum in condensers, inches, . : ‘ 274 
Mean revolutions of engines, ; : ; 237.9 
Indicated horse power, . : . 2,620. 
Speed of ship by patent log, hit, , . 17. 


2d. A trial of three hours duration at sea, with all boilers in 
use under forced draft: 


Steam pressure in boilers, pounds, . ° 183. 
Steam pressure at engines, pounds, . a 143. 
Air pressure in inches of water, .. . 0.13 
Vacuum in condensers, inches, ... : 26.4 
Mean revolutions of engines, bE Eng ‘ 254.75 
Indicated horse power, ; Re oy . 3,238. 
Speed by patent log, knots, Rea . 19. 


3d. A dock trial of eight hours duration, using the after set 
of boilers only, the coal consumption being limited to 12 pounds 
per square foot of grate. The object of this test was to compare 
the results with those obtained from a similar test of the locomo- 
tive boilers of the Spanker. The boilers of the latter were tried 
just before they were taken out to be replaced by the DuTem- 
ple boiler, and the evaporation was at the rate of 9.3 pounds of 
water per pound of coal. The results from the test of the boilers 
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of the Sharpshooter were an evaporation of 8.7 pounds of water 
per pound of coal, and an expenditure of 2.83 pounds of coal per 
I.H.P. 

4th. A trial similar to the preceding one with the forward set 
of boilers, the results being an evaporation of 8.25 pounds of 
water per pound of coal, and an expenditure of 2.6 pounds of 
coal per I.H.P. 

5th. A similar trial with the after set, but at a lower rate of 
combustion, the results of which were said to be quite satisfac- 
tory. 


WORKING ENGINES AT LOW POWER. 


A short time ago Mr. D. Croll read a paper before the Insti- 
tution of Naval Architects on “Some experiments with triple- 
expansion engines at reduced’ powers,” in which he showed that 
in the engine under test, practically the same quantity of steam 
was used when developing 263 as when developing 301 I.H.P., 
the difference being due to the method of working. The engine 
was of the triple-expansion type, with cylinders 133, 21 and 35} 
inches diameter and 21 inches stroke, and the boiler a cylin- 
drical one, 11 feet 4 inches diameter and 9 feet 13 inches long, 
containing 41 square feet of grate and 1,129 of heating surface, 
and designed for a working pressure of 160 pounds per square 
inch. The cut off on the H.P. cylinder had been made about 
.75 the stroke, which was a greater admission than the boiler 
could continuously supply steam for, so in the experiments the 
reduced powers were obtained by reducing the boiler pressure, 
throttling the steam, and by running the links up. As a result 
of these experiments, Mr. Croll reached the following conclu- 
sions : 

1. The triple-ccompound engine is not only singularly inelastic 
but also highly sensitive to wrong adjustment, and it would, 
therefore, appear that it will pay well to supply steamers which 
have to work at reduced power with a meter for measuring the 
feed water in order that the most economical adjustment may be 
determined. 
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2. It appears unlikely that working triple-compound engines 
as double-compound will lead to satisfactory results. 

He gave a table in which the feed water unaccounted for by 
the indicator diagrams ranged from 23 to 33 per cent. at the open- 
ing to exhaust from the L.P. cylinder, and in explanation of them 
says: 

“ These percentages have been calculated for various stages of 
the expansion through the three cylinders. The only explana- 
tion of the cause of these enormous losses appears to be con- 
densation and re-evaporation in the cylinders. Supposing a 
piston to begin its stroke with a temperature lower than the steam 
entering, it is evident that the steam will first heat both piston 
and cover faces, and, in doing so, deposit a film of water upon 
them. After the steam is cut off and the pressure lowered, the 
deposited water will partly become steam again; but when the 
exhaust is opened and the pressure still further lowered, the re- 
mainder will evaporate much more rapidly, and, in doing so, cool 
the piston, cover and cylinder walls, so that with the following 
stroke the cycle is again repeated. It is worthy of remark that 
in a triple-compound engine the steam produced by re-evapora- 
tion in the high and intermediate-pressure cylinders may pos- 
sibly be usefully employed in the low-pressure cylinder; any 
water on the covers and pistons of the latter, however, is, upon 
re-evaporation, rejected as steam to the condenser. 

“Tt appears to me to be a most important point to note, that if 
we assume 30 per cent. of the total feed water deposited as water 
on the low-pressure piston and covers, the thickness of this water 
film will but amount to zg}, inch. Having, therefore, to con- 
sider films of such infinitesimal thickness, it seems worth while 
to enquire whether the nature of the surfaces with which the 
steam comes into contact may not have a considerable influence 
upon the amount of the condensation. As far as we know at 
present, the cylinder walls are best made of cast iron or steel 
highly polished, which allow the piston to move without, com- 
paratively speaking, any friction. In a low-pressure cylinder of 
a modern marine engine, where the diameter is about one-and-a- 
half times the stroke, we find that the exposed surface of pistons 
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and covers is 50 per cent. greater than that of the working sur- 
faces of the barrel, and it is to the former that I wish to direct 
your attention. 

“Admitting that the greater the re-evaporation the greater will 
be the cooling of the surfaces, and, as a consequence, the greater 
the initial condensation, we must look more closely into the 
question whether the use of rough cast iron and steel or polished 
surfaces may have anything to do with the widely diverging 
results obtained from different engines of the same type, which 
apparently are well designed, and offer no peculiarities to account 
for something like 30 per cent. difference in economy. 

“ If we wish to shape a body which will readily absorb heat, we 
give it as large an area as possible to be exposed to the hot gases. 
A familiar instance is a ‘Serve’ tube. Also, if we wish to shape 
a body which will readily part with its heat to the substance 
which is to be heated, we do the same. For instance, the ribs 
and collars which are cast upon pipes for heating purposes. 

“ Passing to the rough surfaces of cast iron and steel, we may 
easily conceive that an almost imperceptible difference in the 
conformation of the surface may make an immense difference in 
the area exposed to the steam. Consider an element of piston 
area inclosed in an equilateral triangle; suppose equilateral tri- 
angles to be raised upon each of the sides, and joined at the top 
to form a tetrahedron; it is evident that the area now exposed 
will be three times that of the original triangle. If we divide the 
original triangle into four equal triangles, by drawing a line par- 
allel to the base at the half of the height, and joining the points 
where this line intersects the two upright sides with the middle 
of the base, we can raise four triangular pyramids upon each of 
these parts, which will each expose an area of three times their 
bases, and collectively of three times the area of the original 
element. This operation can be indefinitely continued, with the 
same result, viz., that the exposed area is three times the area 
of the geometrical plane. A little consideration will show that 
the principle involved in this rudimentary case can be largely 
extended if we choose to build up other forms, and make surfaces 
analogous to, say, coke, or even the rough, rasping surface of 
some steel castings. 
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“ With these considerations before me it struck me forcibly that 
in my own practice the most economical results were obtained 
with cast-iron pistons and covers, and the worst with those made 
of cast steel. Upon inquiry among my engineering friends, I 
found that those engines which were troubled with water in the 
cylinders had cast-steel pistons, and in cases where covers and 
pistons were of cast steel it had occurred that no diagrams could 
be obtained through the wetness of the steam.” 

The following experiment was made to test the re-evaporative 
power of polished and rough surfaces: 

“A cylindrical cast-iron cup was bored out till the thickness of 
the metal was about 4 inch; part of the outer surface was left as 
it came from the mould and another part opposite was polished. 
The cup was filled with water at temperatures from 170 deg. to 
180 deg. Fahr., and it was found that the mean times required 
to re-evaporate the water from the steam jet condensed upon the 
surfaces were, respectively, 43 seconds for the rough and 83 
seconds for the smooth face. 

“T would now summarize the argument as follows: The greater 
the re-evaporative power of the material in contact with the 
steam, the greater will be the cooling of the surfaces, and the 
the greater the initial condensation; the re-evaporative power of 
a body is increased by an increase of surface; a fairly smooth 
surface may, nevertheless, have a very much greater area ex- 
posed than the geometrical plane, which it is taken to represent; 
the total condensation in a steam engine is a question of very thin 
films of water, and the structure of the surfaces exposed to the. 
steam, merits our closest attention. As far as can be seen from 
the above experiments, a polished surface is far superior to that 
of ordinary cast iron as it comes from the mould, and a rough 
steel casting is probably about the worst material that could be 
chosen; it appears, therefore, advisable to carefully turn and 
polish as far as possible all parts of the steam, cylinder which 
come into contact with steam performing work.” 

In accordance with this theory, the following experiment was 
carried out: 
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“T made a disconnecting paddle engine in which each wheet 
could be driven by a perfectly independent compound engine. 
In the starboard engine I had all internal parts turned and 
polished, and in the port one the pistons were left rough; un- 
fortunately no time could be given for experiments, and I had to 
content myself with observing at sea that, whereas we were 
occasionally troubled with water in the port engine, the star- 
board one was apparently perfectly dry. 

“In my experience excessive condensation has always occurred 
in combination with rough steel pistons and covers; in one case 
this was so marked that the top of piston would not give a card 
at all, which I attribute to the cover being of rough cast steel, 
and combining with the top of piston to absorb the heat of the 
steam. 

“Torpedo boat engines, which have turned and polished pis- 
tons, and in some cases polished covers, are quite remarkable 
for the economy of steam at nearly all powers, and at all events 
are very free from water in the cylinders. 

“ These considerations lead to the conclusion that if we wish 
to make really high-class machinery, which will give the highest 
results in economy, we must turn and polish the surfaces of 
pistons and covers.” 


Messrs. Denny recently built a steamer, the Queen Olga, for 
the Russian Steam Navigation Company, which has engines de- 
signed to run as triple-expansion at full power, and as quadruple- 
expansion at reduced power. The cylinders are 21, 28}, 474 
and 76 inches diameter by 54 inches stroke, and the first, or 
auxiliary cylinder, as it is called, is placed above the second cy]l- 
inder, the two pistons working on the same rod. There are 
four boilers 15 feet 8 inches diameter, and 10 feet 7 inches long, 
working under a pressure of 170 pounds. On trial at full power, 
the engines developed 3,500 I.H.P. when making from 79 to 
82 revolutions per minute, giving the ship a speed of 14} knots. 
When running under half power, as a quadruple-expansion en- 
gine, the revolutions were 60, but no data are available as to the 
relative economy of the two methods of working. 
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The ship is 360 feet long, 45 feet beam, and when tried, with 
- 4 2,400 tons dead weight on board, had a draught of Ig feet. 


It will be remembered that the arrangement of the engines of 
Gunboat No.7 is the reverse of this, the design being for a 
quadruple-expansion engine working with 250 pounds pressure 
at full power, and for a triple-expansion engine working with 
160 pounds pressure at low power, a special coupling being pro- 
vided for throwing out the first cylinder when working triple- 
expansion. 





THE ATLANTIC RECORD. 


The Cunard steamship Campania broke all previous records 
on her last westward voyage, having made the run from Daunt’s 
Rock to Sandy Hook lightship in 5 days 9 hours and 29 minutes. 
The daily runs were 516 (from 12.35 P. M.), 528, 543, 525, 545 
and 126, a total of 2,783 nautical miles, or at the rate of 21.49 
knots per hour. The Lucania has made a passage from New 
York to Queenstown at the rate of 21.9 knots per hour, but she 
took a more southerly course, having steamed 2,911 miles and 
occupied 5 days 12 hours and $9 minutes in making the run. 
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UNITED STATES. 


Minneapolis.—The official full-speed trial of this triple-screw 
protected cruiser took place on the 14th of July, and was run 
over the same course that was used for the trial of the Co/umdia, 
a distance of 43.968 knots in each direction between Cape Ann 
and Cape Porpoise. _ Buoys were fixed to mark the course, and 
vessels stationed at intervals to take tidal observations. The 
actual time on the course was 3 hours 49 minutes and 2.28 sec- 
onds, giving a mean speed, corrected for tide, of 23.073 knots. 
The lowest speed over any of the divisions of the course was 
22.01 knots on the run north, and 22.48 over the same division 
running south; the greatest was 24.01 running south and 23.80 
over the same division going north. The least depth of water 
on the course is Ig fathoms. 

This remarkable performance easily puts the Minneapolis at 
the head of the crusier class in point of speed, exceeding that of 
the Columbia by more than a quarter of a knot, and it is the more 
remarkable from the fact that the trial was com: :-nced 16 min- 
utes before the time agreed upon, before steam had been raised 
to the required pressure, and that the air pressure was only one 
inch of water. 

Owing to unavoidable circumstances a detailed account of the 
trial cannot be given in this number of the JourRNAL, but will be 
reserved for the next one. 

The Minneapolis is of the same dimensions as the Columbia, 
and differs from her in outward appearance in having two smoke- 
pipes instead of four. The machinery of the two is almost 
exactly alike, the principal difference being in the boilers. Of 
the latter, six are 15 feet 9 inches diameter and 20 feet long, and 
two I5 feet 3 inches diameter and 18 feet long, and contain 1,456 
square feet of grate and 48,194 of heating surface. There are, 
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in addition, two auxiliary boilers with 64 square feet of grate and 
1,952 of heating surface, but they were not used on the main en- 
gines during the official trial. 

The screws are three-bladed, and of the following dimensions : 


Center. Starboard. Port. 


Diameter, feet........ nipnaaiin ieee sbbuekesaianeen capetonas Se 15.0 15.0 
WREEEE, RONAN, CUE WEI, GIN aids sncces sasenevescancecees® sosvee . SES 22.0 22.0 
Helicoidal area, square han. sone wie. soetenasien ae 53-7 53-7 
Immersion of top of eigeltan ‘Moles, feet. vena nies wosnie g.12 5 46 5-46 


The following are the average results of the trial: 


Mean draught, feet and inches.,....ccce ceseccccsses sosecceee © 
Displacement, tons........se0s seeees 
CRO, I iirncesnnnceisinteniaen etd maninn deine: Te 
CFE. FW CUNO sesincsians sinencitnss sacsbines sthessinn settee sinseciocss SRE 


main engines and auxiliaries........ © secceeees soceccesoss ceccccces 20,512 
Steam pressure in boilers, poundS....cccce secoccees o-seccccece -cececsoves 150.32 
Air pressure in inches of water...... ...sessessseseeees seeee er eer eee 0.998 


Center. Starboard. Port. 


Steam pressure in H.P. steam chest.....ccc0e0seseeeseee-e 1481 150.7. , 149. 
I.P. steam chest, absolute............ 72.5 74.8 72.9 
L.P. steam chest, absolute........... 24.6 26.3 27.4 

VECREEE, DOR ccciacts sein cthimieaionn nem See 25.11 24.76 


ME ines Seat 49.32 46.39 
Mean effective pressure in cinders | LE kiimewnns.  Saae 34-53 28.52 


icine. teh 13.33 13.90 


TEP sccsos sqeeeece 62 .66 .67 
Cut off in fraction of stroke..... ... {uP sighed nesiaciehs 71 71 72 
Di Pisantnncinccuebe -70 .69 .70 
Revolutions per minute............ dbete obbsdn'evatnauiloubet 132.19 131.95 133.1 
Piston speed in feet per Minute......... sessessesseseeeseeee 925.33 923.65 931.7 
Double sirokes Of GIF PURipe. ..cosece cesceccse soccesscesese’ 1357 15.0 18.6 
Revolutions of circulating PUMPS ......000 sesereeee seeeeeee 159.4 240.5 168.8 
1.H.P., main engines............ ddktiiinliak tbebstnes dibeke needs 6,586.72 6,560.69 7,218.82 
OF I I icitece aosennsivadestntetens ones 8.39 10.91 13.86 
Circulating-PUMP ENZINES......c0e ceeeeee seeeerer 18.45 18.00 17.56 
feed pumps. ..... eeeesces soseseses 106000 covescene cee 40.94 
RE CRIION oss, cuanie cnnccsaessos hieesd cpunte cen 263.04 
Other auxiliavies ..c.cccecsescscevccccecs csovce covceces 54-92 
Cotnl: for all AOINETY. 50500. ccincisse centovses sccm 20,812. 
pier SqmaRe TAGE OF 00.5 iis cssceecas soseew <cuetnsee 14.29 


During the trip back from Boston to the Capes of the Dela- 
ware, three runs, each of eight hours duration, were made at 
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low speed, one with the center engine in operation and the side 
screws disconnected, one with the starboard and port engines and 
the center screw disconnected, and the third with the three en- 
gines in operation. The original intention was to make each of 
these trials at a speed of about 12 knots, but owing to foggy 
weather, it was necessary to reduce'the speed frequently during 
the runs with one and with two screws, and at times during the 
run with three screws; so that the data obtained are of little 
value in determining the relative efficiency of the three methods 
of propulsion at low speed. 
The general results were: 


IN AE UPON TE hick sciinae "the ates Sbussneed cebneoaen One. Two. Three. 

MOOG Dp Hatest Tow, AGI oa oses o<cneescctse cecces venssse seccesces 9-73 1008 11.6 

NINN: MUONS cciccsinpa: icrute, deg’ aensieisns sderdas dibdibiio eaiomedeid 74.1 40.* 65.4 
NI cians se giatisdniebancs naicenhins saan teebionie 44.* 64.4 65.7 
PUI ...000 coccccces soccccces -coccccee covcccecs seecevess 38.8* 62.7 65.9 

CIOL dssisheik cicccestaciae: Someiae’negivanir 2b Kiran aiaseln eidanieatee wiasesina eine 2,016 2,532 

Cine SO NR INI ons cenaneie cotzanait emnkinxesmditeakos 4,629 4.773 6,481 

Mean draught, approximate, feet...... ..cccces seeses sesececee se 22.2 22.1 22.0 

* Uncoupled. 


Other trials were made with each of the side screws in oper- 
ation separately, the results being: 


Starboard. Port. 
PIII «a inirddauhd o:nsbdichudhe Giaebidiiaiea anakukeas secs aeuseaune go go 
ST stisiniicics wesbebs-oladedsnhidn tiliansiieaeabahaibieimpeceanandaeiians 13.23 12.23 
Helm angle, degrees..........00. sesee eetonnues coseee bh chasecmatihe 6.5 6.5 


Port 50 Stbd 49 


Revolutions of uncoupled screws...... ...00. sesesseee seseeeees { Center 44 Center 46 


The trials were of short duration, and the speed was measured 
by patent log. 

Texas.—Dock Trial—A dock trial of the machinery of this 
vessel was made on the 12th and the 15th of May at the Nor- 
folk Navy Yard, to determine whether it is well built, and in con- 
formity with the plans and specifications. It was made with each 
engine separately, the first trial with the starboard engine and 
the two starboard boilers, and the second with the port engine 
and the two port boilers in use. Each trial was of four hours 
duration, and was made under moderate forced draft, burning 
Pocahontas semi-bituminous coal. The conditions of the trial 
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were that the mean effective pressure for each trial should be 
equivalent to a mean pressure of 37 pounds per square inch re- 
ferred to the low-pressure cylinder. But for the poor vacuum 
obtained, the trials may be considered highly satisfactory. The 
air pumps are independent, vertical bucket pumps, operated by 
a compound engine, and it was necessary to run them at a very 
high speed in order to get the vacuum they did and not run the 
risk of having them stop. Examination of the machinery subse- 
quently to the trials showed it to be in very good condition. 
The mean results for each trial are given below: 


Starboard. Port. 
OS el 
IEE, CII svccctciak netiiinaiei setin tn cuncasdatnin eecagaoniin 4 4 
Steam pressure in boilers, per gauge, pounds. .......0. 152.5 149.9 
at engines, per gauge, pounds......... 148.1 145.0 
at Ist receiver, absolute, pounds...... 82.9 74.0 
at 2d receiver, absolute, pounds....... 27.7 32.5 
Vacuum in condenser, inches...... end sungnewnedidetatee oée 21.2 21.25 
Revolutions of main engines, per minute...... .....000 85.8 88.1 
ae 46.98 48.96 
Mean effective pressure | I.P....0. ssocce eocccoes soocseece 33-26 26.66 
in cylinders...... ...06 | R SECS Sener oe ee” 18.25 19.35 
| Equivalent on L.P. piston 42.25 49.93 
FUCK sacevets’ subsevieidevatbe~ condaunsiostaraatiots 794.69 847.95 
Bt BRT era I caer ae, Sea 1,137 06 926.89 
1.H.P. j LP ciscce sotvecees saebbevey suvesesss secceucesiseoow '  EyQOGQD 1.595-59 
| Aggregate....ssscsessesssssesseseseee seneesees eee 3900.15 31370.43 
| Air and circulating pumps........0. s+ wee 60.53 58.19 
Cut-off in fraction of stroke, H.P. .......0. ccscse cocees aoe 65 .66 
BoP. ccsncawannten sisees-oosens 65 67 
LPiive scdccsee socces cocece “ 65 .66 
Temperature in engine LOOM, ....0+ cescesece sevsce sosescese 85.2 90.5 
OF TRC CRRI WIA S osk nse ocaces séccsses se0vee 71.0 71.0 
OF GHPCRREBE WAREE. vices sévcovee> conseece 113.8 107.0 
of feed water .......2. sees etn stadbbube inten 125.0 135.0 
Double strokes of air-pump engine........ .sccecee seeeee 198.9 179.0 
Revolutions of circulating-pump engine......... .... coee 220.4 202. 
Revolutions of blower engines. ......000 seeces sseeee seseee 418.3 368. 
Air pressure in inches of water... .. cecsssesscsres seseees 1.2 0.95 
Grate surface in use, square feet.......000 sesseeses sovesese 266.5 ‘266.5 
Heating surface in use, square feet...........+ cscs $4560 8,4560 


1,H.P. per.square foot of grate....ccccc secssceee soosesese 





1 
H 
) 
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Montgomery.—During the trial of this vessel on the third of 
July, just as the speed of the engines was being increased pre- 
paratory to a run at full speed, a heavy thumping noise was 
heard in the port high pressure crank pin, and before steam could 
be shut off that engine the high pressure cylinder and cover were 
broken, and other damage of less consequence done to the con- 
necting rod and crank pin brasses. The accident was occasioned 
by the slacking back of the set screw of one of the connecting. 
rod nuts at the crank pin end, which allowed the nut to.work 
off the bolt, thus throwing the strain on the opposite bolt, break- 
ing it square off and bending and breaking the loose one; the 
connecting rod being thus released, the steam pressure forced 
the piston through the cylinder cover, demolishing it, and break- 
the flange off the cylinder. 

While waiting for a new cylinder, the port engine has been 
converted into a compound one, and the vessel continued in 
commission. 

Oregon.—This battleship, building by the Union Iron Works, 
had a preliminary trial of her machinery in San Francisco Bay 
on the 16th of August; it was of four hours duration, every- 
thing working well, the revolutions of the engines not exceeding 
96. Her official trial will probably not take place for several 
months, as her armor has not yet been put in place. 

Massachusetts —A sister ship to the Oregon, building by the 
Cramp Company, has had satisfactory dock trials of her ma- 
chinery, and is now awaiting the completion of her armor. 


CHILI. 


Blanco Encalada.—A twin-screw protected cruiser, built by 
Armstrong, Mitchell and Co. She is a steel vessel, sheathed with 
wood and coppered, and is of the following dimensions : 


Length on water line, feet, . ‘ ‘ -. er 
Breadth, feet, . , : : , : ; 46.5 
Draught, mean, feet, : ; ; ‘ : 18.5 
Displacement, tons, : : , ; . 4,500. 


She has a protective deck which extends the entire length of 
the ship, varying in thickness from 1# to 4 inches, and has a 
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double bottom. Her engines, constructed by Humphrys and 
Tennant, are of the triple-expansion type, each with four cyl- 
inders. 

She had two trials, one of 12 hours’ duration under natural 
draft, during which she made six runs over a measured mile, the 
mean speed for which was 21.75 knots, with about 11,000 I.H.P. 
On the forced-draft trial the mean speed on the measured mile 
was 22.78 knots with 14,500 I.H.P. 

Her battery is a very heavy one for a vessel of her size and 
speed, comprising two 8-inch, ten 6-inch, twelve 3-pounders, ten 
I-pounders and two Gatlings. She also has five torpedo tubes. 

Of her gunnery trials, “ Engineering” says: 

It should be remarked that the guns composing her main ar- 
mament are of a peculiarly powerful type. The 8-inch guns are 
of 40 calibers length, and have a velocity of 2,260 f. s. with a 
210 lb. projectile, and a very moderate chamber pressure. So 
improved is all the breech mechanism and powder supply 
arrangements, that the guns may be called quick-firers. This 
nomenclature was certainly borne out during the trials, when, with 
a crew that had never fired a round from the gun on any former 
occasion, four rounds were fired (the powder being supplied: 
from the magazines) in 62 seconds; in fact, the man who has to 
aim the gun need never be kept waiting for the loading. The 
6-inch quick-firing guns are mounted on pedestal mountings; 
they are also of 40 calibers length, and have a velocity of 2,500 
f. s., with a 100-lb. shot. During the trials twenty rounds were 
fired from the 6-inch guns, and eight rounds from the 8-inch. 
Four rounds were also fired from each of the small quick-firing 
guns. No defect of any kind was experienced. 

It should also be mentioned that to thoroughly try the struc- 
ture of the ship, the after 8-inch gun was fired in line of keel 
horizontally, and the foremost 8-inch gun was fired ahead with 
elevation varying from the horizontal 4 degrees for five rounds, 
four of which were against time. This severe ordeal did not 
even crack the paint in the decks below the muzzles of the guns, 
and the only damage reported during the whole of the trials was 
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one broken rail, which had accidentally been left in a position of 
danger, and a little glass from the chart house. 

Before the gunnery trials were undertaken, a torpedo was 
fired from each of the two port broadside tubes. These tubes are 
of new Elswick design, and are arranged for the use of cordite 
impulse, which has given such satisfactory results. A number of 
experiments has shown that the velocity of impulse of the tor- 
pedo is exceedingly regular, and that with a pressure of about 35 
pounds in the tube a velocity of no less than 53 f. s. is obtained. 
The broadside tubes are capable of training through a large arc. 
During the trials the weather was beautifully clear, and much 
interest was taken in the long range of the guns when fired at 
high elevations. The 8-inch guns were fired at 15 degrees ele- 
vation, when the shot struck the water at a distance of 10,000 
yards, but so clear was the weather that the spray thrown up 
by the shot was clearly seen each time. 


ENGLAND. 


Eclipse,—One of the latest type of second-class sheathed 
cruisers was launched on the 19th of July. She is of nearly the 
same dimensions as the O/ympia— 


Length, feet, j : ‘ ; , , 350. 
Breadth, feet, : : ‘ ; ; : 53-5 
Draught, mean, feet, . . 2 , ‘ 20.5 
Displacement, tons, . . 5,600. 
Coal carried on above dieplacement, inn: . 1,000. 
I.H.P., natural draft, . ; f ‘ . 8,000. 
torced draft, , ‘ ‘ : - 9,600. 
Speed, knots, : : ‘ ; ; : 19.5 


Her protective deck is 2} inches thick, and the conning tower 
6 inches, besides which the top of the cylinders are protected 
by a 5-inch shield, as is usual in British vessels of this type. 
Her principal armament comprises five 6-inch and six 4.7-inch 
rapid fire guns, and the secondary battery twelve machine guns, 
besides which she has three 18-inch torpedo tubes. Her com- 
plement is 436 officers and men. 





a 
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Flora.—A second-class sheathed cruiser of the Astrea class, 
described on page 518 of Volume V, recently completed her 
trials, making I9.3 knots under natural draft, and 20.43 under 
forced draft, the speed in each case being measured by patent 
log. 

She is 320 feet long, 49} feet beam, 19 feet mean draught, and, 
with 400 tons of coal on board, has a displacement of 4,360 tons. 
Her principal armament comprises two 6-inch and eight 4.7- 
inch guns. Her machinery was built by the Naval Construc- 
tion and Armaments Co., Barrow-in-Furness. 

Charybdis, another vessel of the Astra class, has had sat- 
isfactory trials, the natural-draft one giving the following results : 


Steam pressure in boilers, ‘ : ; 141.7 
Air pressure, . i ; P , ; 0.57 
Vacuum, . ; ; ‘ , , ‘ 27.2 
Revolutions per minute, . , : ‘ 127.7 
L.vne« ‘ ; / , . ; P 7,109. 
Speed, by patent log, ; ; : 19.3 
Mean draught of water, feet, . ; ‘ 19. 


The forced-draft trial gave 9,136 I.H.P., and a speed of 20.5 
knots by patent log. 

Daring.—This torpedo-boat destroyer was described on page 
204 of the present volume, and illustrations and description of 
her boilers on pages 156 to 161. Since her launch, on the 24th 
of last November, the contractors, Messrs. John I. Thornycroft 
and Co., have made a number of experiments on her with different 
screws, and the result of her final trial was a higher speed than 
has yet been reached by any vessel afloat. 

She is 185 feet long, 19 feet beam, 13 feet deep, and on her 
final official trial, drawing 5 feet 74 inches forward and 6 feet 11} 
inches aft, displaced 240 tons. Her armament consists of one 
12-pounder rapid-fire forward, three 6-pounders and three 18-inch 
torpedo tubes, one built in the bow and two swiveling in broad- 
side. 

The following description of the boat is chiefly from “ Engi- 
neering”: 
41 
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The vessel shows a fine bold side for her inches, having a 
freeboard of 7 feet, and has, of course, a flush deck. The height 
above water makes her a dry vessel when running at speed, as 
was proved during the trial. There was, indeed, nothing that 
could be described as a heavy sea on during the trial, but the 
waves were quite big enough to have sent a good deal of loose 
water flying across the deck, when steaming with the wind 
ahead, had the boat not been well designed in this respect. The 
flush deck extends to the conning tower forward, beyond which 
there is the usual turtle back over the forepeak, as in the ordinary 
first-class torpedo boat design. The arrangement of the Daring, 
however, differs from the torpedo-boat design in regard to a 
breastwork at the end of the turtle back and extending right 
across the deck. This affords an excellent shelter to those for- 
‘ ward when steaming head to sea. 

The Daring, like all her sisters, is a twin-screw boat, and there 
is one important fact in regard to the business of boat destroying, 
for which the vessels are intended, should they ever be called 
upon for practical work : The draught of the larger single-screw 
torpedo boat is 7 feet 6 inches, whilst the Daring draws but 7 
feet, so that in action the smaller craft would not be able to take 
advantage of shallow water as a haven of safety. The vessel has 
what should be described as the Thornycroft stern, although it 
is sometimes flippantly alluded to by the irreverent as the ‘ flat- 
tailed’ or ‘inverted pudding basin’ type. The breadth is carried 
well aft on the water line, though there is a good deal of tumble- 
home at this part, and the end being round, the view end-on is 
somewhat unusual. In order to secure an easy delivery the floor 
is sloped up from near amidships to the extreme end, where it is 
only just immersed, so that the model may be described as that 
of a horizontal wedge aft and a vertical wedge forward. This 
principle of design, although somewhat unusual in steamers, is 
well known to give very good results, both in regard to speed 
and rough-weather qualities, for small sailing vessels, as may be 
instanced by the northeast cobles and the New England fishing 
schooners. Inthe Thornycroft design, however, the floor aft is not 
only flat, but actually concave in the ’twartship direction. This, 
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in conjunction with the tumble-home, gives a sharp knuckle or 
chine where the side joins the bottom. It has been objected that 
in a heavy sea the falling of the stern would cause a heavy blow 
on the bottom, but in practice this has not been found to be the 
case, as the boat in her passage appears to cut through the waves 
and smooth the water sufficiently to overcome this difficulty. 
The two propellers are carried under the arched bottom, the 
shafts projecting through, and there are two suspended rudders, 
one hung on each quarter in the same ’thwartship line as the 
propellers, to which they thus act as guards. 

The engines of the Daring and her sister vessel the Decoy, 
now also finished, are an interesting feature, being of a new type 
designed by Messrs. Thornycroft for these vessels, and the first- 
class torpedo boats just completed. They are of the three-stage 
compound type, and have cylinders I9 inches in diameter for the 
high-pressure engine, 27 for the intermediate, and a pair of 27 
for the low-pressure. The stroke is 16 inches, Each set of 
engines may be said to be divided into two parts. Thus the 
high-pressure and intermediate cylinders form one-half, whilst 
the two low-pressure cylinders form another. The cylinders 
are inclined from the vertical alternately to the right and left. 
Piston valves are not used, but the larger surfaces of the flat 
slide valves are balanced to relieve the pressure on the back. 
Following the line of the engines, we have first the eccentrics 
and link motion which work the slide valve of the high-pressure 
cylinder, which are run on an overhung part of the shaft. There 
is next a main bearing, after which come the high-pressure and 
intermediate cranks. Immediately aft again is another main 
bearing, and then the eccentrics for the intermediate slide valve, 
which are followed by the forward low-pressure eccentrics. 
Another main bearing follows, and then the two low-pressure 
cranks, after which another main bearing, and then the after 
low-pressure eccentrics, beyond which is the thrust block. The 
inclined position of the cylinders enables the axes of the cylin- 
ders to be brought close together in a fore-and-aft direction, and 
advantage is taken of this to introduce an arrangement of cranks 
that is certainly unusual for torpedo boat practice. In place of 
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there being a seperate two-web crank for each cylinder with a 
length of shaft between, there are three webs to the two crank- 
pins, the center web being common to both, and receiving a 
crankpin at eachend. The center web has naturally to be twice 
as long, or nearly twice as long, as each of the others—the 
cranks being almost opposite to each other—and it may be said, 
therefore, that the cranks are double-webbed. It will be seen 
that by this arrangement there is a considerable gain in fore-and- 
aft space occupied, no inconsiderable advantage in craft of the 
torpedo boat type, where machinery occupies all the best part of 
the boat. 

Another notable feature in these engines is the manner in 
which the standards are arranged. The majority of us remem- 
ber the revolution Mr. Thornycroft wrought in the design of 
engine framing by the introduction of wrought-iron or steel pil- 
lars and diagonal bracing, a principle which was first applied, if 
we remember rightly, in the case of the Miranda. The principle 
adopted in the little river yacht found universal application in 
fast-speed vessels, and has influenced all classes of marine en- 
gines. The design may now be said to have become classic, as 
it is superseded in the Daring’s engines by a still more open 
description of framing. In the new arrangement the main stand- 
ards are placed close to the fore-and-aft center line of the cyl- 
inders, and may be described as prolongations of the main bear- 
ing bolts; indeed, they serve the latter purpose, as the keeps of 
the main bearings are held in position by means of nuts screwed 
on to the bottom end of the standards or bearing bolts. By 
slacking up the nuts the keeps can be raised, and the bearings 
are thus exposed. The standards are stiffened by inclined struts. 
There is no bedplate to these engines in the ordinary acceptance 
of the term, but round one side, extending from end to end, there 
is a continuous steel casting connecting the main bearings. On 
the other side there are, to each set of engines, two flat steel 
castings which run from one pair of standards to another, and 
are attached to the bottom ends of the crosshead guides. In 
this way there is one of these deep steel ribs to each half of the 
set of engines, namely, one embracing the high and intermediate 
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cylinders, and one common to the two low-pressure cylinders. 
There are two air pumps, worked by side levers, to each set of 
engines, all other pumps being entirely independent. The ques- 
tion of vibration has been kept in view in these engines, the 
design being worked out so as to reduce the unbalanced forces 
to the smallest degree possible. Judging by results, Mr. Thor- 
nycroft has been entirely successful in this, for the steadiness of 
the boat when running at her highest power was almost as re- 
markable a feature as her extraordinary speed ; indeed, the usual 
phenomena in this respect that formerly accompanied the running 
of lightly-built high-powered vessels were almost absent, there 
being apparent none of the usual periods of synchronization of 
hull and engines at varying revolutions, excepting, perhaps, to 
a small extent at a lower speed. It would seem, indeed, that the 
boat had nothing to synchronize with. 

The boilers are three in number, and contain 189 square 
feet of grate and 8,892 of heating surface. They are placed in 
two stoke-holds, the forward one having two boilers and the 
after one a single boiler. The whole of the feeding is done by 
one Weir’s pump placed in the engine room, there being, how- 
ever, additional pumps to be used in case of accident. In order 
to solve the difficult problem of feeding a group of water-tube 
boilers from one pump, Messrs. Thornycroft have devised an 
automatic feed control. Throughout the trials there was no 
difficulty in regard to the distribution of feed, and it would seem 
that Mr. Thornycroft may, therefore, be congratulated on having 
solved a very knotty problem. 

The screws are three-bladed, 6 feet 2 inches in diameter and 
8 feet 9 inches pitch, each with a helicoidal area of 13.5 square 
feet. The blades are of phosphor bronze, keyed into the boss 
in a novel manner, it having been found by experience that 
phosphor bronze requires somewhat different treatment to steel. 

The contractor’s final preliminary trial took place on the 26th 
of June. A numerous party was on board, 73 all told, and with 
19 tons of coal in the bunkers the displacement was 228.6 tons. 

The vessel left Chiswick by the early morning tide, and, call- 

_ing at the Temple Pier, took on board the guests who had been 
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invited to witness the trial. Easy steaming and moderate speed 
was maintained until the Lower Hope was reached, and down 
Sea Reach a fast spin was tried to see that all was working well. 
On reaching the Maplin mile the revolutions were reduced to a 
mean of gI per minute, at which rate of steaming the observed 
speed was 7.86 knots. The engines were then opened out until 
they were running at 175 revolutions when the speed was 14.2 
knots. At 238 revolutions the speed was 18.3 knots. After 
this the revolutions were raised to 322 per minute, with which 
a speed of 23.4 knots was attained. Three runs were made at 
each of the stated revolutions. 

The final supreme test of the vessel was now to be made. The 
engines were fully opened out, and a short run was made in or- 
der to raise steam to full pressure and work the engines up to 
their best speed. The boat was once more put on the mile 
against the tide, which, however, did not appear to be running 
with very much force, to judge by the appearance of the Ad- 
miralty buoys which serve as steering marks. The steam pres- 
sure on this run was 200 pounds, the mean revolutions were 382.9 
per minute, and the time occupied between the section posts was 
2 minutes 7.5 seconds; the speed being, therefore, 28.214 knots. 
The boat was turned and the second run was entered upon, the 
steam being again 200 pounds. The time occupied in making 
this trip was 2 minutes 6 seconds, the revolutions averaging 385.7 
per minute, the speed, therefore being 28.571 knots. The vessel 
was once more turned and the third run was entered upon with 
the safety valves from both boiler rooms blowing. The time oc- 
cupied on this run was 2 minutes 3 seconds, the revolutions were 
395.1 per minute, and the steam pressure 215 pounds. The speed, 
therefore, reached the hitherto unequaled rate of 29.268 knots. 
This run was made against tide, doubtless a slack one, but cer- 
tainly there was some current meeting the boat. It will be seen 
that the mean of the three runs gives a speed of 28.656 knots, 
and 384.3 revolutions. The guaranteed speed of the boat was 
27 knots. 

It is to be regretted that this last trial, at full speed, was not 
extended to the usual six runs on the mile, for, had it been so, 
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there is little doubt that the mean speed would have been much 
increased. We think that too little time was taken in working 
up the rate of steaming before going on the full-speed trial, and 
this opinion is borne out by the records, and also by the fact 
that the safety valves were lifting on the last run. The after- 
noon, however, was drawing in, and Mr. Thornycroft had 
promised one of his guests that he should be back in time to 
fulfill an engagement. The indicator cards taken on the last 
run worked out to 4,842 indicated horse-power. 

The official trial took place on the 19th of July, the boat being 
at her load displacement of 240tons. This trial is thus recorded 
in the “ London Times :” 

“ Reaching the trial ground off the Maplins, six consecutive 
runs were made on the measured mile, with the result that her 
previous speed record of June 26 was beaten, she having attained 
a maximum speed, on one of the runs made, of 29.364 knots, or 
33% statute miles per hour. The runs were made with and 
against the tide, the #aximum speed, as will be seen by the fol- 
lowing tabulated statement, being made on the second run with 
the tide: 








Baas. ) Time. | = , ag | 

eee | 
; oka at 28.111 Mean of speeds with tide 29.065 
? ; Bp | i eo \ 28.340 Mean of speeds against tide 27.399 
2 ; 2 ee \ 28.246 | Mean of means, 28.232 knots. 


“On an examination of this statement, it will be seen that the 
mean speed on each pair of runs, with and against the tide, 
which is the only correct way of summarizing them, was re- 
markably even, the results giving a true mean speed on the six 
consecutive runs of 28.232 knots, or 1.232 knots in excess of 
that contracted for. This noticeable equality in the resultant 
speed attained by the ship is accounted for by the great regu- 
larity in the revolutions of the propelling engines, and in the 
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steam pressure in the boilers, which, for the six runs made on 
the mile, is shown in the following statement, giving a mean of 
388.2 and 388.4 revolutions per minute in starboard and port 
engines respectively, and a mean pressure of steam at engines of 
198 pounds per square inch: 


Runs. Revolutions. Steam Pressure. 

Starboard. Port. Pounds per square inch. 
I 379.8 380.8 190 
2 395-1 392.9 200 
3 390.0 389.5 200 
4 389.2 389 2 200 
5 386.4 3864 198 
6 


389.0 391.0 200 


“The engines throughout the whole of the trial — which 
covered some considerable time of continuous running after the 
measured mile trials were completed—although driven at a high 
speed, worked with the greatest smoothness and regularity, and 
without the least sign of heating in any of the bearings; and the 
boilers worked admirably, the absence of any flaming at the 
funnels or noise from the safety valves being specially notice- 
able, the stoking of the boilers having evidently been so well 
managed that the steam pressure was maintained justat the work- 
ing pressure required. For the size of the boilers, their steam 
generating powers are remarkable, a total of 4,735 indicated 
horse power having been given off by the engines on one of the 
mile runs, the pressure of the steam at the time being 208 
pounds per square inch, maintained with 3.15 inches of air pres- 
sure in the stokeholds. Worked out to its conclusions, this 
means that an indicated horse power was developed in them by 
1.66 square feet of heating surface, and .04 of a square foot of 
grate area. On the completion of the machinery trials, the 
turning and manceuvring capabilities of the vessel were success- 
fully tested, after which she returned to the river and proceeded 
up to Chiswick, where she will be finally completed by her 
builders.” 

The true mean speed, deduced from the runs on the mile, is 
28.213 knots. 








ot 
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Ferret.—Another torpedo-boat destroyer, built by Laird Broth- 
She is similar in general appearance to the Daring and the 


4 ers. 





19, 


Length between perpendiculars, feet, 


Breadth, feet, 
Draught, mean, feet, 
Displacement, tons, . 
Coal carried on above deitocmenen: tons, 


Bunker capacity, tons, 


194. 
19.25 
5. 
220. 
26. 


70. 


other vessels of this type which have heretofore been described 
in the JOURNAL. 


The engines are twin-screw triple-expansion, with cylinders 
29 and 43 inches diameter by 18 inches stroke, with the con- 


densers (there are two) placed forward of the engines, thus giving 
a fairly good passage about the machinery. The boilers are of 


Cad 7 


the Normand type. 


Her official trial took place on the toth of July, and consisted 
of six runs on the measured mile, followed by a continuous run 
of three hours duration, the results of which are given in the 
following tables: 


Miles. 


5 
6 











Means 


Steam. 


170 
168 
173 
175 
172 


175 


SIX RUNS 


Vacuum. 


tN 
uw 
iS) 


25. 
24.8 
24.8 
24.8 


24.5 


172.17 | 24.85 





tions. 


Revolu- 





ON MEASURED MILE. 


Indicated 
horse 
pe wer, 


4,127 
4,375 
4,542 
4,671 
4,656 


4,672 


4,507 


Speed in 
knots. 


26.866 
27.170 
27.506 
28.125 
27.506 


28.346 


Means. 


27.018 
27.338 
27.825 
27.816 


27.926 





Second 
Means. 


27.178 
27.581 
27.820 


27.871 


ee 


27 612 


27.612 
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THREE HOURS’ TRIAL. 











Half-hours. Steam. | Vacuum. | oe Resse ll Speed. 
ics cst anne 173 25. | 350.5 4,321 
iitbick auntie derienaan aac 175 24.75 362.3 4,636 
* 170 24.75 365.1 4,810 ie a 
SE ET ee 171 24.5 362 4 4,508 Rhys ~ ll 
i ceuuuseniaiileca® <esies 161 2475 361. | 45334 75 on 
__ _, LR Ree 163 24.75 | 359-5 | 4.334 

On 169 24.75 360.07 4,490.5 27.51 





Lynzx.—A duplicate of the Ferret, has had her preliminary 
trials, making 26.5 knots. 

Dryad.—A first-class torpedo gunboat, was launched October 
25, 1893. She is 250 feet long, 30 feet 6 inches beam, g feet 
mean draught and of 1,070 tons displacement, with 100 tons of 
coal in her bunkers. Her machinery is by Maudslay Sons and 
Field, and is of the same type and power as the other vessels of 
this class. Twin-screw, vertical triple-expansion engines, with 
cylinders 22, 34 and 51 inches diameter by 21 inches stroke, 
working with a boiler pressure of 155 pounds, each engine in a 
separate room ; four wet-bottom locomotive boilers, placed two 
forward and two abaft the engines, containing 182 square feet 
of grate and 6,420 of heating surface. The condensing surface 
is 4,000 square feet. The screws are 8 feet 3 inches diameter 
and 9g feet 6 inches pitch. The boilers, with water and all fittings, 
weigh I10 tons. 

The engines were designed for 3,500 I.H.P., with which a 
speed of 19 knots was expected. 

As mentioned in the last number of the JourNAL, she has had 
considerable trouble with leaky boiler tubes, but her machinery 
has finally been accepted from the builders. On her natural- 
draft trial she obtained 2,621 I.H.P. with .67 inch air pressure, 
and made 16.85 knots per hour. 

Halcyon.—A. torpedo gunboat of the same type as the Dryad, 
with machinery by Messrs. Hawthorne, Leslie and Co., devel- 
oped 2,590 I.H.P. on her natural draft trial, and made a speed of 








oo 
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17 knots. On her first full power trial, some of the main bearing 
bolts of the starboard engine broke, and after larger ones were 
‘fitted she made a successful trial with the following results : 


Steam pressure, pounds, . : ‘ ; ) eae 
Air pressure, inches of water, : 3 ; 2.0 
Vacuum, , . , ; ‘ . ; 24.8 
Revolutions, . ; ‘ ; , F . 27 
ter. . , ; , . ‘ . 3,546. 
Speed by patent ee : ‘ ‘ ; ; 17.7 


The engines are of the same dimensions as those of the Dryad. 

Algerine and Phenix—Two new gunboats to be built at 
Devonport dockyard. They will have a speed of about 14 
knots and will be of the following dimensions: 


Length, feet, , ‘ , , ; , 185. 
Breadth, feet, ‘ : ; ; : ; 32.5 
Draught, mean, feet, ; . : 11.25 
Displacement, tons, F . 1,050. 
Coal carried on above diaplacement, tons, 160. 


Their armament will consist of six 4-inch 25-pounders, and 
four 3-pounders. 

Torpedo Boats—No. 92, a single-screw boat built by Thorny- 
croft and Co., with engines of the same size and type as those of 
the Daring, and two boilers of the Speedy type, recently com- 
pleted her trials, making 24.522 knots. The following are some 
of her particulars : 


Length, feet, j ‘ j : ‘ : 142.5 
Breadth, feet, ‘ ‘ ; ‘ P ; 15.5 
Draught, extreme, feet, ; boy 7.5 
Displacement (with 24 tons load), tons, ‘ 129. 
LEP... : 7 ; ; ; : . en. 
Steam pressure, pounds, ; ‘ : ‘ 220. 


No. 97, a similar boat, is credited with 23.71 knots on the 
mile, and 23.74 for three hours, and a maximum I.H.P. of 2,629. 
No. 93, a similar boat, but fitted with twin screws, made 23.846 
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knots on the mile and 23.59 for three hours, the revolutions of 
the engines being respectively, 472 and 467. Her load draught 
is 5 feet 4 inches. Each of these boats carries three 3-pounders: 
and three 18-inch torpedo tubes. 

No. 97, built by Laird Brothers, is similar to the preceding 
boats, 140 feet long, and of 115 tons displacement. On her first 
trial she failed to make the contract speed of 23 knots, but suc- 
ceeded on the second one, the results on the mile being : 








Runs. Steam. Vacuum. | Revolutions LP. Speed. 
——$—________—— ee | os 
I 176 24 5 355-3 1,658 | 23337 
2 172 24.5 364.3 1,682 24. 
3 176 25 362.3 1,704 | 23.529 
4 174 25. 367.2 1,732 } 24.161 
5 167 ~ 25. 360.7 1,650 23.226 
6 163 25 356.1 1,628 23.529 
Mean........ 171 24.8 361.1 1 675 23-709 


And 23.35 knots for three hours. 

Crescent —This first-class cruiser has just completed a run to 
Australia and back, having steamed a distance of 25,267 nautical 
miles in 82} days, and burned 6,290 tons of coal, or an average 
speed of 12? knots an hour on 76 tons of coal a day. Her best 
day’s run was 369 miles, made during the run from Malta to 
Plymouth, England, the entire distance having been made in 5 
days 22} hours. 

She is a sheathed vessel of the Edgar class, and was described 
on page 746 of volume V. Length, 360 feet; beam, 60 feet 8 
inches; mean draught, 24 feet 6 inches; displacement, 7,700 
tons; I.H.P., 12,000. 

FRANCE. 


Jauréguiberry.—Some of the details of this battleship were 
given on page 1064 of Volume V of the JourNAL, and the most 
important are here reproduced with additional data: 























Length, feet, 


Breadth, feet, ; ; . , ° : 72.59 

Draught, mean, feet, . ; ; ‘ ; 26.57 
Displacement, tons, . ‘ , - . 11,818. 
Indicated horse power, ; ‘ i . 13,000. 
Speed, estimated, knots, : , ; : 17. 

Armor, thickness amidships, inches, . . 17.72 

forward, inches, : ‘ 7.87 

aft, inches, : : ; 9.84 

depth of belt amidships, feet, . j 6.56 

lower edge below water line, feet, . 4.92 

thickness of turret, inches, ; ; 14.57 
Battery, 30-centimetre guns, : ‘ , 2. 
27-centimetre guns, . : , 4. 
14-centimetre guns, ; ; 8. 
Torpedo tubes, . ; ; > : ' 6. 


The engines are twin-screw triple-expansion with cylinders 
43.3, 64.2 and g7 inches diameter and a stroke of 44 inches, de- 
signed to run at 97 revolutions per minute at full power, with 
170. pounds pressure of steam at the engines. The H.P. and 
I.P. cylinders have piston valves, and the L.P. each two slide 
valves. The condensing surface is 17,860 square feet for both 
condensers. There are two vertical single-acting air pumps for 
each condenser, each with cylinders 29.5 inches diameter and 
16.73 inches stroke, intended to run at 164 revolutions per min- 
ute. The circulating pumps, which are 49.2 inches diameter, are 
intended to be run at the same speed. 

The crank shafts are in two sections, each 17.33 inches in di- 
ameter with a hole 7.87 inches diameter through them, the inter- 
mediate shafts 16.93 inches with the same size hole as the 
crank shafts, and the propeller shafts 19.29 inches, with a hole 
14.17 inches diameter; the total weight of shafting is 88 tons. 

The screws are of manganese bronze, four-bladed, 19 feet di- 
ameter and 20 feet pitch, and both weigh 19 tons. 

The boilers are twenty-four in number, of the Lagrafel-D’Allest 
type, arranged in six fire rooms, with two smoke-pipes, and con- 
tain 1,085 square feet of grate and 35,092 of heating surface. 
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There are 213 tubes in each boiler; they are 3.15 inches diam- 
eter and 8 feet long between tube sheets. The water space in 
the boilers amounts to 2,882 cubic feet and the steam space to 
2,942. 

The working pressure is 213 pounds, from which the steam 
is reduced to 170 pounds at the engines. 

The weight of the boilers alone is 235 tons, of the smoke 
boxes gg, and of the water in the boilers about 80 tons. The 
feed pumps, floors, pipes, etc., bring the fire room weights up 
to 551.7 tons, and that of all the machinery to 1,120 tons. 

The other most important weights are : 


Tons. 
Hull, , ; ‘ Pp . ; P . 3a 
Armor and bolts, : q : ; ' . 4,008 
Guns and torpedoes, ; ; ‘ - 995 
Coal, ‘ : ; ; ; , : - 700 


Carnot.—This battleship, which was laid down as the Lazare- 
Carnot, was launched from Toulon dockyard on:the 12th of July. 
She is 396 feet long over all, 380.4 feet on water line, 70.5 feet 
beam, 26 feet mean draught and has a displacement of 11,791 
tons. Her coal capacity is 800 tons. She has a complete belt 
of steel armor, varying in thickness from 45 to 27 centimeters 
(17.7 to 10.8 inches), and above this a belt of 4-inch armor. 

Her battery consists of two 11.8-inch guns in turrets, one for- 
ward and the other aft, with a height of 26 and Ig feet respec- 
tively above the water line; two 10.6-inch guns in turrets on 
each side; eight 5.5-inch guns, four on each side; four 65-mm., 
eight 47-mm. and ten 37-mm. rapid-fire guns. She has also six 
torpedo tubes. The turret armor is 14.6 inches thick. 

Her machinery consists of twin-screw, triple-expansion en- 
gines, designed for 13,500 I.H.P. at full power, when running at 
95 revolutions per minute, and for 9,000 I.H.P. and 85 revolu- 
tions with natural draft. The speed in the two cases is expected 
to be 18 and 17 knots respectively. 

Steam is furnished by twenty-four Lagrafel-D’Allest boilers. 
The weight of machinery is 1,178 tons. 

Coetlogon.—This second class cruiser, which was built by the 
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Compagnie Générale Transatlantique at St. Nazaire, and which 
commenced her trials in 1890, completed them during the latter 
part of May. On her trials in 1891, she made 17 knots for twelve 
hours under natural draft, and 19.15 under forced draft. After 
the latter trial, the Commission appointed to examine her ma- 
chinery declined to accept it on account of the numerous break- 
downs she had; so, she was sent back to the builders, who put 
in new engines, and again submitted her for trial. During one 
of the preliminary runs early this year the tubes in her boilers 
gave so much trouble that new ones had to be put in. She 
commenced her final trials in March and finished them the latter 
part of May, the speed with natural draft being 17.83, and with 
forced draft 20.6 knots. 

Torpedo Boats—The Argonaute and Tourmente, built by the 
Chantiers de la Loire, completed their trials recently, the former 
making 25.1 knots and the latter 24.6. They are 141 feet long, 
16.3 feet beam, draw 6.25 feet aft, and displace 117 tons with 
15 tons ofcoal on board. They have twin-screw triple-expan- 
sion engines and DuTemple boilers. Their armament is two 
3 pounders and two 14-inch torpedoes. 

An explosion and a fire occurred on board the submarine 
boat Gustave Zédé a short time since, resulting in the practical 
destruction of her accumulators. The accident occurred while 
charging them, and is supposed to have been due to short cir- 
cuiting, and consequent ignition of the valvoline with which the 
accumulators are filled. The damage is estimated at $40,000, 
and is the second one of the kind that has happened to this boat. 


AUSTRIA. 


Satellit—In connection with the I.H.P. and weight of mach- 
inery of this vessel given on page 394 of the last number of the 
JournaL, Mr. C. H. Wingfield, an employé of the Thorny- 
croft Company, writing to “ Engineering,” says that the I.H.P. 
averaged about 4,200, and that “ the two horse-powers vouched 
for by Herr Ziese were obtained while the engines ran at their 
utmost speed for a short period only, and that this was not on 
an official trial at all, but during a preliminary run, on December 
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11, 1892. On the Saée//it’s preliminary trials I understand the 
revolutions were 280, 284 and 286 for 4,237, 4,792 and 4,901 
indicated horse power respectively. If this be so, the indicated 
horse power on the official trial, which took place on December 
30, 1892, when I believe the revolutions were 275.4, was prob- 
ably from 4,000 to 4,300, or, say, about 4,200, which should be 
substituted for 4,901, in order to compare with the Speedy’'s 
so-called maximum performance.” 

The displacement of the Saze/iit given on page 423 should be 
540 instead of 800, and the mean draught 9g feet. 

ITALY. 

Sardegna.—This battleship recently completed her trials in the 
Gulf of Genoa, making 17.6 knots on 85 revolutions, and 13,000 
1.H.P. with natural draft, and nearly 19 knots for upwards of five 
hours with forced draft, the engines making from go to 95 revo- 
lutions. For three hours the speed was 19.8 knots. She was 
subsequently tried at reduced power, burning both coal and 
petroleum refuse in her furnaces, as is now frequently done in 
ships of the Italian Navy, the result being satisfactory, and the 
conclusion reached that, when firing in this manner, about double 
the quantity of steam can be got from the boiler that can be 
by burning coal alone with natural draft. 

Caprera.—A torpedo gunboat, built by Orlando Brothers, Leg- 
horn, was launched recently. She is 230 feet long, 28.6 feet 
beam, 10.17 feet mean draught, of 840 tons displacement, and has 
been designed for a speed of 20 knots, with 4,000 I.H.P. The 
armament comprises two 4.7-inch, four 57-mm. and two 37-mm. 
rapid-fire guns and five torpedo tubes. 

Governolo,—A gunboat of 1,235 tons, designed for a speed of 
12 knots with natural and 15 with forced draft. She is 186 feet 
long, 34.1 feet beam and 13.78 feet draught. Her armament is 
four 4.7-inch, four 57-mm. rapid-fire and four machine guns. 

Umbria.—A protected cruiser of the Doga/i class, made 18 
knots under natural draft, with 5,000 I.H.P. She is 262.4 feet 
long, 39.4 feet beam, and of 2,280 tons displacement on a mean 
draught of 15 feet. 
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SPAIN. 


Infanta Maria Teresa.—This belted cruiser, one of three built 
at Bilbao, was described on page 960 of Volume V, but as com- 
plete description with illustrations of the ship and machinery have 
since been given in “ Engineering,” the most important data are 
here reproduced, together with the additional information 
available : 


Length over all, feet, , ; , 364.0 
between perpendiculars, rn 7 340.0 
Breadth, extreme, feet, , : ; ’ 65.2 
at upper deck, feet, . ‘ 62.25 
Depth from under side of upper deck to we 
of keel, feet, . : , ; ; : 38.0 
Draught, forward, feet, : ; 2 : 20.5 
aft, feet, : , . ‘ ‘ 22.5 
mean, feet, , P ; 21.5 
Displacement at above dinate, tons, . 6,890. 
Wetted surface, square feet, ; ; . 27,000. 
Metacentric height, baad equipped, 
feet, : ‘ 4.96 
Metacentric bekatet, without stores, cond, or 
ammunition, feet, . ‘ ; : ; 5.49 
Speed, natural draft, knots, ; : , 18.5 
forced draft, knots, ; ; ; 20.24 


The weight of the vessel is made up as follows : 


Hull (excluding armor), tons, . : . 3,639. 
Armor (including the belt, 216 feet long, 5.5 

feet deep, and 12 inches thick),tons, . 943. 
Machinery pastitind boilers and — 

tons, ; ; 1,230. 
Coal in bunkers (at 21.5 draught), tons, . 420. 
Armament, ammunition, etc., tons, . ‘ 456. 


Stores, etc., bring the total to the designed displacement, 6,890 
tons. It may be added here, however, that the vessel has bunker 
capacity for 1,100 tons of fuel. 

42 
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The hull is built with longitudinal and transverse framing- 
The center longitudinal web girder is 3 feet deep, and is built up 
of plates and angles, while on either side are four similar girders, 
but lessening in depth towards the bilge, where they are 2.5 feet 
deep. There are the usual intercostals, and plating on inner and 
outer sides. This double bottom construction, formed on the 
cellular principle, extends up the side of the ship to near the 
water line, where the fourth girder forms a shelf 3 feet wide to 
support the armor belt of 12 inches thickness, on the top of 
which again is the protective deck of 3 inches and 2 inches thick- 
ness. The armor belt extends for a distance of 216 feet amid- 
ships, and is 5.5 feet broad. The plates are 12 inches thick, and 
are secured by 34-inch bolts, the backing of teak being 6 inches 
thick. For additional protection coal bunkers are arranged on 
either side of the ship, in the wake not only of the boilers, but 
also of the machinery. The capacity of these bunkers is 45,000 
cubic feet, capable of carrying 1,100 tons of coal. There are 
eleven main transverse bulkheads, the boilers being fitted in two 
separate compartments, while the two sets of engines, driving 
the twin screws, are also separated by a bulkhead running lon- 
gitudinally. In addition, the principle of water-tight flats has 
been adopted, and in this connection it is interesting to note that 
the bulkheads are fitted with a hinged water-tight door, the in- 
vention of Mr. James S. Clark, manager of the shipbuilding yard. 
The arrangement of the door is such that by the working of one 
lever fitted on the door, it can be locked or unlocked at all parts. 
The hinged door is a great advantage, especially as it does not 
interfere with freedom of action on the deck on which the door 
is situated. Of course, greatest dependence is placed, in action, 
on the protective deck, which extends from stem to stern, curving 
down aft and forward to considerably below the waterline. This 
deck is 2 inches thick on the horizontal parts, and 3 inches on 
the sloping parts, and covers the under-water structure, which, 
as already pointed out, has two outer skins separated by 2.5 
to 3 feet of space. Under this deck, of course, are all the vitals 
of the ship—the stores, the magazines, steering gear, and the 
machinery—but the tops of the cylinders project a short dis- 
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tance above the level of the deck. The deck, however, is raised 
locally and, instead of being of double thickness of steel plates, 
as in other parts, the protection is of 6-inch compound armor 
plates. 

Dealing now with the navigation of the ship, a word may be 
said of the accommodation forthecrew. The berths are entirely 
on the main deck, which runs in an unbroken line fore. and aft. 
The commander’s cabin is, of course, aft, with the usual stern 
walk, the officers being further forward, while the engineering 
officers are immediately aft the machinery, the firemen and crew 
being forward. The ship is navigated from the bridge, or 
from the conning tower below it. This latter is protected by 
compound armor 12 inches thick, and is fitted with engine and 
steering telegraphs, steam steering wheel, and voice tubes to all 
parts of the ship, and all other apparatus necessary for working 
and fighting the ship when in action. The telegraphs, etc., are 
duplicated on the navigating bridge, placed above the conning 
tower. The steering gear can be worked by hand and steam, 
the steam-steering engine being of sufficient power to put the 
helm from hard-a-port to hard-a-starboard in 30 seconds, when 
the vessel is proceeding at full speed. The rudder, which is of 
wrought iron, is of the ordinary rectangular form, and has an 
area of about 160 square feet. The rudder head extends only a 
few feet within the vessel, just high enough for the attachment 
of a steel crosshead giving connection to the steering tiller, so 
that the whole of the steering gear is entirely below the protect- 
ive deck. The ship was subjected to severe turning trials at 10 
and 16 knots speed, and they established the efficiency and ease 
with which she could be handled. The following are the re- 
sults : 


Degrees. Knots. Yards. 
Rudder, 20; speed, 10; diameter of turning circle = 1,540. 
“ 30 ; “ 10 ; “ “ “ aan 940. 

“ 20 ; “ 16 : “ec “ “ =_ 1,040. 

“sc 35 ‘ “ 16 : “ “ “ _ 840. 


Forward there is a powerful capstan, and a large warping 
winch aft. The principal ground tackle consists of two go-cwt. 





624 SHIPS. 


and two 30-cwt. ordinary anchors, two 80-cwt. stockless, and two 
kedge anchors of 14 cwt. and 8 cwt. respectively. The pumping 
arrangements and ventilation of the ship have been well looked 
after, and throughout the whole ship a proper and complete sys- 
tem of voice-pipe arrangements has been installed. The neces- 
sary fire pumps, with their connections and hose, have been 
provided as usual. As to stores, it may be stated that under the 
boiler compartments there is capacity for storing 490 tons of 
fresh water, while at various points on the main deck are water 
tanks, etc. Navigating stores and chain lockers are, as usual, 
forward. 

She carries twelve boats, one 60-foot vedette, two steam 
launches, four sailing cutters, one 30-foot gig, one 28-foot whale 
boat, one 25-foot canoe and two dinghies. 

The vedette boat has a compound engine 10 by 20 by 10, and 
has a speed of 17 knots. The steam launches are each 30 feet 
long; one is 8.5 feet beam and 3.75 deep, and the other 7.25 feet 
beam and 3.5 feet deep. Their engines are compound, 4.75 by 
9 by 5 inches stroke, and the boiler 2.83 feet diameter and 4 feet 
long, working at a pressure of 130 pounds. The boiler contains 
3.6 square feet of grate and 88 of heating surface, and is arranged 
to work under forced draft, each launch having an 18 inch fan 
run by a 2 by 14-inch engine. The screw is 28 inches in 
diameter, and has an area of 1.68 square feet. The speed of the 
launches is 8.5 knots when the engines are running at 440 revo- 
lutions per minute. There is a boat-hoisting engine on the spar 
deck with steam cylinder 9 by 7 inches stroke. 

Coming now to the ship as a fighting machine, it should be 
stated at the outset that the ram, which is of steel, is strength- 
ened by longitudinal plate girders, while the protective deck, 
which slopes downwards at the fore end towards the ram, mate- 
rially strengthens the bow for ramming purposes. The vessel 
has a flush upper deck without bulwarks, with a breastwork 
within which the 6inch quick-firing guns are installed. Within 
the extremities of the belts are the two barbettes, one at each 
end, these being built of compound armor Io inches thick. The 
protection to the ammunition tubes, which are of a conical form, 




















SHIPS. 625 


rises from the protective deck, and is made of steel armor plates 
8 inches thick. The barbettes are of circular section, and stand 
about 6 feet above the upper deck, with a strongly protected 
roof plate 4 inches thick. Each barbette contains a 28-centime- 
tre breech-loading Hontoria gun. The gear for training the 
guns and hoisting the ammunition is situated below the protect- 
ive deck. The turntable upon which each 28-centimetre gun is 
mounted is constructed of steel plates and angles strongly built. 
It is supported upon cast-steel rollers traveling on a cast-steel 
roller path at the level of the deck. The carriage, mountings, 
hydraulic machinery, etc., for training the guns, also the ammu- 
nition hoists and tubes, are supplied by Messrs. Sir Joseph Whit- 
worth and Co. Between the barbettes on the upper deck is a 
superstructure or breastwork, within which are all the openings 
to the deck below. At each end of the breastwork is an ammu- 
nition hoist for the 14-centimetre quick-firing guns, which is 
worked from below the protective deck, and will greatly facilitate 
the work of serving the guns. The ship has in all eight torpedo 
tubes, and the principal armament is as follows: Two 28-cen- 
timetre guns, one forward and one aft, mounted in barbette tur- 
rets; ten 14-centimetre guns, two 7-centimetre guns, eight 57- 
millimetre Nordenfeldts, two 11-millimetre Nordenfeldts, and 
eight Hotchkiss. The forgings for these guns were sent from 
England, but they were turned and finished in the Astilleros 
Gun Factory, all the employés of which are Spaniards. 

The engines are of the triple-expansion vertical type, driving 
twin screws, and were designed to develop 13,500 I.H.P. under 
forced draft. The cylinders are 42, 62 and 92 inches diameter, 
by 46 inches stroke, and are provided with fluid compressed 
steel liners. The cylinder covers, pistons and steam-chest doors 
are all of cast steel. The high pressure cylinders are fitted with 
piston valves, and the intermediate and low pressure with valves 
of the ordinary flat-faced ported type. The piston rods, which 
are 7? inches in diameter, are all fitted with metallic packing. 
The crankshafts are of the ordinary three-throw type, being 
made of best steel, the external diameter being 164 inches. The 
thrust blocks and collars are of cast steel, the latter being of the 
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horseshoe shape and lined with Magnolia metal. For each 
engine there are four lengths of straight shafting. The diameter 
of the intermediate shafting is 15} inches, that of propeller shaft- 
ing being 15#. 

The propellers are of manganese bronze, three bladed, the 
pitch variable from 19 feet 2 inches to 22 feet 3 inches, and set 
at 20 feet 6 inches on trial. They are 16 feet 5 inches in diam- 
eter, and each has a surface 72.72 square feet. The hubs are 52 
inches in diameter. 

The main steam pipes are 18 inches in diameter, and are all of 
copper, the sheets having been brazed and wrought up in the 
coppersmithy. The reversing gear is of the ordinary all-round 
type, both hand and steam gear being provided. The main sur- 
face condensers, which are 10.67 feet long, are made entirely of 
brass, having a total surface of 14,600 square feet. Each con- 
denser carries over 5,000 brass tubes -inch in diameter. The 
circulating pumps are driven by a separate engine, while the air 
pumps are driven from the low-pressure engine crosshead. In 
each engine room there is a 100-gallon Kirkaldy’s distiller, each 
with its circulating pump, as also an evaporator on Weir’s sys- 
tem, 5 by 4.25 feet, with a 4-inch cylinder feed pump. The ex- 
haust steam from the auxiliary machinery is carried into two 
auxiliary condensers 8 feet long by 2.83 feet in diameter, one in 
each engine room, each condenser being provided with its own 
air and circulating pumps worked by entirely independent en- 
gines. These, like the main condenser, are made entirely of 
brass, and each contains about 700 tubes, having a total cooling 
surface of g00 square feet. There are two main feed pumps— 
Weir's system—one in each engine room, which have steam 
cylinders 15 inches in diameter and pump 114 inches in diameter 
by 27 inches stroke. 

There are four double-ended and two single-ended boilers in 
two water-tight compartments forward of the engines, the single- 
ended boilers being at the forward end of the forward boiler 
compartment, all arranged for working under forced draft on the 
closed fire room system. The combustion chambers of all the 
furnaces in each boiler are in common. The following are the 
principal data of the boilers: 


























Steam pressure, pounds, 


Diameter of boilers, feet, . ; : , 15.25 
Length of double-ended boilers, feet, . ‘ 16.25 
single-ended boilers, feet, . , 10.50 
Furnaces, number, : ; ‘ : 40. 
diameter, inside, om ; ‘ 39. 
length, double boiler, feet, . : 6.9 
length, single boiler, feet, . ‘ 7.4 
thickness, inch, . ‘ ; .484 
Tubes, plain, number in each double boiler, 792. 
number in each single boiler, 390. 
thickness, B.W.G., : ; No. 8. 
stay, number in each double boiler, 280. 
number in each single boiler, 140. 
thickness, inch, ‘ ; ‘ .188 
diameter, inches, ‘ 2.5 
length between tube sheets, double 
boilers, feet, . ‘ 6.25 
length between tube sheets, single 
boiler, feet, . ‘ ; ; ‘ 6.75 
Shell sheets, inches, . , ; , . 1.28 
Tube plates, inch, : , é ; ‘ 81 
Combustion chamber plates, inch, ; : .50 
Front heads, inch, ; ; : ; 875 
Longitudinal braces, diameter, inches, , 2.56 
spacing, horizontally, 
inches, . . : 17.5 
spacing, vertically, 
inches, . - ; 16. 
Depth of combustion chamber, common, in 
double-ended boilers, feet, ; _ 3.48 
Depth of combustion chamber, single- ended 
boilers, feet, . ; ; , ; ; 2.92 
Grate surface, square feet, . ; : .. oe 
Heating surface, tubes, square feet, ‘ 22,270. 
plate, square feet, ; 3,650. 


total, square feet, 
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For supplying steam to the electric light and steering gear 
engines there are two auxiliary boilers on the protective deck 
forward 8.88 feet long by 7.75 feet in diameter, with a duplex 
feed pump on the Worthington system. These boilers have 
furnaces 29 inches in diameter, and grates 5 feet 3 inches long, 
and have together 50.7 square feet of grate and 916 of heating 
surface. The feed pump has steam cylinders 4? inches in diam- 
eter, and water plungers 2? inches in diameter by 5 inches stroke. 
The usual stokehold arrangements for running under forced draft 
have been fitted, there being nine fans. Each is driven by an 
independent single-acting engine with a cylinder 7 inches in di- 
ameter by 5 inches stroke. The diameter of fans is 66 inches. 
There are four ash-hoisting engines, having two 4}-inch cylin- 
ders by 54 inches stroke, and efficient means have been pro- 
vided for handling the ash buckets under forced draft. There 
are also two fans for ventilating the ship, one forward and one 
aft. The cylinders are 43 inches in diameter by 34 inches stroke, 
and the fans 39 inches in diameter. There are two funnels 9 
feet in diameter, the height from dead-plate to top of funnel 
being 69 feet. Following out the usual plan, to provide greater 
safety, the boilers are placed in two separate compartments, 
the bunkers being run along each side in the usual way. 

The dynamos and engines are placed below the protective deck 
at the after end of the ship. The engines are of the vertical type, 
and at 225 revolutions the dynamos give an output of 300 am- 
peres and 80volts each. There are three powerful search lights 
of 24,000 candle-power each, and over 400 incandescent lamps 
of 16 candle-power each, distributed throughout the ship. There 
are two cargo lanterns, with eight 50 candle-power lights in each; 
also a complete system of signaling on the Ardois system. 

The trials were run on the standardized screw method, the ship 
having been run over a measured base of 1.412 knots four times 
under natural and forced draft, after which the trials were made 
at sea, the results of which are given in the table. Upon com- 
pletion of the sea trial the ship was again run over the measured 
base, and the mean revolutions taken as the revolutions per knot. 
The guaranteed speed under natural draft was 18 knots, with a 
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penalty of $15,000 for each tenth of a knot below this speed. The 


a ie fans were running throughout the trial, the mean air pressure 
being ;3; inch. 
oo 20 ao 
c= om. —- 
s ‘S| ge 
“$3 | fe | 288 
—=6 o= |3 @& 
E24 Be -" 
Sa o 38 = 
32 53 | 88¢ 
a. a * hi 
Revolutions per minute.. ,....... oe 107 118 55 
SEE ON Te wicca canarias teariacad ances varias 1.592 2,069 259.38 
Eis cackai aidesedae coobin.cgiiien subset nannies 1.553 | 2,290 211.38 
Isici cit ta aaah deltas ocala aeons 1,437 2,460 120 14 
port, TBI nnkatiuee consis Sob atte: Sean cadena 1,626 2,075 273.65 
RBs 1,606 2,515 190.00 
ei ockdcsnedoanncamatent. avinkeal amines 1,635 2,313 176.65 
we ae 
Total.. ...cccseceee sowceees seeeoeses 0n0ese ceenss coosee conve “9,499 13.722 1,231 2 
Steam pressure, pounds...,....... « precsans sensssens edocs cosece 140 143 110 
Vacuum, starboard, inches.,........ plliiee shin lat eat adele 27 273 263 
ORR SII icinss pias saindnes beeaea sieaeniag saandiaaile 27 27 27 
Receivers, starboard, H.P., pounds......... 0.00. ccccce secs 117 134 33 
I.P., pounds, absolute. ....++.. sees 51 67 18 
L.P., pounds, absolute............ 21 28 10 
port, BEF 5 DOUGE: ccices atnodsses 112 140 34 
I.P., pounds, absolute...... ....+ 53 65 17 
L.P., pounds, absolute........ ...0. 22 30 10 
Mean pressure, starboard, H.P., pounds........ ..eccsees ee 46.2 54-4 14.7 
Bol ae: Pie cesinnscs oovesen 20.7 27.6 5.5 
Lady ORNs cscccnses -cstnss 9.0 13.5 1.42 
port, er og Discos canncestnens 47.2 54.6 15.45 
rt a eee akon 21.4 30.4 4.9 
eae 9.9 12.7 2.08 
Cut-offs, HP... Pag COlths nes coves ose eiest sisi deciauonnas 62.5 73 55 
EF cy NO OO ccscinaprsnncanenstietnn vonkin aceet baci 70 75 60 
Rn 15 OF CON crsciess sanveoaantenes spasteentune-seesee 79 75 673 
IE ois acsennitnnee sultan dais saminedieabeteniintaded 18.5 20.24 10 
NONE OE WEED, IB ove scesced0000 ancionsisn cckee 6 4 12 
Indicated horse power per square foot grate area : 
PRIGIE II, nscsk xeuras avaianeotecs capscatue onatine ease soccer cece 11.24 
OREN TN assis. ons cs sohetiasn pobaunion seniaasin shavteake bilaaiabonine 16.24 
Indicated horse power (forced draft), per ton of total weight 
of machinery........ sisi ube ada signennie ae 
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The forced-draft trials were run on October 14, 1893. Six 
runs were first made on the measured distance, and thereafter two 
hours steady running to sea, concluding with four runs again on 
the measured distance, the total duration of trial being, therefore, 
44 hours. During the whole time the machinery worked excep- 
tionally well. The average speed of 118 revolutions was kept up 
steadily, the highest revolutions counted being 120. The steam 
never fell below 140 pounds, and maintained nearly throughout 
a uniform pressure of 145 pounds, any excess of which the con- 
tract forbade. The mean air pressure in the stokehold was only 
1 inch. 

The speed was 20.25 knots, a quarter of a knot more than the 
contract called for. There was no premium, but the conditions 
of the contract were that for every tenth of a knot below 20 there 
should be a penalty of $5,000. 

The fuel-consumption trials were run on October 18 and 19, 
1893, the weather being very fine, but with a slight swell on the 
sea. The vessel was, according to condition of contract, to be 
run for at least 12 hours at a speed of 10 knots. The coal was 
to be put in bags to facilitate the calculation of the consumption, 
which, at 10 knots speed, might “vary, without giving rise to 
the imposition of fines, between 635 and 680 grammes per hour 
and horse power indicated, developed by the principal engines 
and the auxiliary apparatus connected therewith.” The vessel 
started at 3 o’clock in the afternoon, and six runs were made on 
the measured distance of 1.412 knots, the cruiser thereafter con- 
tinuing out to sea until 6 o’clock on the following morning, Oc- 
tober 19. The coal was carefully weighed in the stokehold by 
the Arsenal experts and put into bags, each of 165 kilogrammes, 
and men were stationed at each of the bunker doors to prevent 
more coal being taken out than had been weighed. One single- 
ended and two double-ended boilers were employed to supply 
the steam to the main engines and to the auxiliary engines 
connected therewith, and for the auxiliary engines, (7. ¢., steering- 
gear engine, electric-light engine, auxiliary circulating pumps 
and bilge pumps), one of the single-ended boilers was used, 
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but without any confection to the main engines. The con- 
sumption of the coal was carefully recorded for twelve hours in 
the case of the main boilers, and for eight hours in the case of 
the auxiliary boiler. The result was that the coal consumption 
for the propelling machinery was found to be 1.43 pounds per 
indicated horse power per hour, the engines meanwhile running 
at a mean of 55 revolutions and developing 1,231 horse power. 

One single-ended boiler supplied steam to the following auxili- 
ary engines: Two auxiliary circulating pumps, two fire and bilge 
pumps, steering-gear engine, electric-light engine and auxiliary 
feed pump, the total horse power developed being 197. The 
total coal consumed per hour in the single-ended boiler was 
239.5 kilogrammes, which gives 2.68 pounds per indicated horse 
power per hour. The auxiliary engines above referred to are 
single cylinder engines, with the exception of the electric-light 
engine, which is compound, having cylinders 73 inches and 13} 
inches in diameter by 8 inches stroke. 

The contract further stipulated for a trial with one screw, the 
rudder being thrown over to maintain a straight course, and the 
guaranteed speed being 12 knots. This trial, under natural draft, 
was run on October I9. The port engine was used, the rudder 
being from 12 to 15 degrees over. The mean speed of three 
runs on the measured mile was 12.56 knots, with the engine run- 
ning at 85 revolutions. Steam was supplied from one single- 
ended and two double-ended boilers. 

On the same day the starting, stopping and reversing trials 
were gone through, with the following results: From full speed 
ahead to stop, 7 seconds; from full speed astern to stop, 6 sec- 
onds; from full speed astern to full speed ahead, 7 seconds. 

The contract also stipulated for a trial of the engines to ascer- 
tain the least number of revolutions required to enable the en- 
gines to work with perfect regularity with the valves sufficiently 
closed, with the normal vacuum in the condenser and with 145 
pounds boiler pressure. This proved to be 13 revolutions, equal 
to a speed of ship of about 2} knots. At this speed the engines 
were kept running for about 10 minutes. 
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JAPAN. 


Fuji Yama.—The Japanese government has entered into con- 
tract with the Thames Iron Works, and with Armstrong, Mitchell 
and Company for the construction of two battleships similar in 
general characteristics to the Royal Sovereign class in the English 
Navy. The Fai Yama, building by the Thames Iron Works, 
will be of the following dimensions: 


Length between perpendiculars, feet, . R 370. 
Breadth, extreme, feet, . ; ‘ ; , 73. 
Draught, mean, feet, ; ; , ; 26.5 
Displacement, tons, : ‘ - £2,250. 
Coal carried on above Saphavninnnt, tons, . 700. 
Bunker capacity, tons, . ‘ ‘ . 1,100. 


She will have an armor belt about 225 feet long, 18 inches 
thick along the machinery space, and 16 inches beyond. The 
protective deck will be 2} inches thick. The battery comprises 
four 12-inch and ten 6-inch guns, beside twenty-four of small 
caliber and six torpedo tubes. The 12-inch guns are mounted 
in pairs in barbettes protected by armor 14 inches thick. The 
engines will be of the triple-expansion type, and of 14,000 I.H.P., 
steam being supplied by cylindrical boilers. The speed ex- 
pected is 18 knots. 
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MERCHANT STEAMERS. 


City of Lowell.—This steamer, built by the Bath Iron Works, 
for the Norwich and New York Transportation Company, was 
described on page 1088 of Volume V. She has taken her place 
on the route, and has proved herself a worthy competitor of the 
fastest steamers on the Sound. On her builders’ trial, she was 
twice run over a measured mile, and made it in 2 minutes 563 
seconds in one direction, and in 2 minutes 55 seconds in the 
opposite direction, giving her a mean speed of nearly 203 miles 
an hour. The steam pressure was 150 pounds, and the revolu- 
tions 126 and 128 for the starboard and port engines respect- 
ively. 

Petersburg.—A twin-screw steamer built by Hawthorne, Leslie 
and Company for the Russian Volunteer Fleet. She is divided 
into ten water-tight compartments, and has a double bottom ex- 
tending her entire length. She is 460 feet long, 54 feet beam, 
35 feet deep, and measures 6,000 tons. Her engines are each 
in a separate compartment, and have cylinders 34, 54 and 85 
inches diameter by 51 inches stroke; the valves are operated by 
Marshall valve gear. Steam is supplied by seven double-ended 
boilers, with a total of 42 furnaces. As she has been built with 
a view to being used in time of war, she has accommodation for 
1,500 troops, and her bunkers are arranged along the sides so 
as to give protection to the machinery. Her contract speed of 
19 knots was reached on trial. 

Moor.—This steamer, belonging to the Union Steamship Com- 
pany, and engaged in the trade between England and the Cape 
of Good Hope, was recently lengthed 55 feet by D. and W. 
Henderson, Glasgow, making her 420 feet long, 45.5 feet beam 
and 32.5 feet deep. A portion of the additional space thus gained 
has been given up to two boilers 15 feet diameter and 10.44 feet 
long, and to coal, and the remainder, representing about 550 tons, 
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to cargo, the total increase being about 1,000 tons in displace- 
ment, and an increase of 6 inches in the draught of water. 

The engines, except bed plates and some of the shafting were 
also changed, the new engines being 35, 56 and go inches 
diameter by 60 inches stroke. The diameter of shafting is the 
same as with the former engine, 17} inches, but the thrust sur- 
face has been increased from 1,334 to 1,953 square inches, 
There are now six double-ended boilers 13.64 feet diameter and 
18 feet long, and two single-ended 15 feet diameter and 10.44 
feet long, the furnaces in the former being 37, and in the latter 
44 inches diameter, the addition of the two boilers resulting in 
an increase in grate surface from 360 to 490 square feet, and in 
heating surface from 10,557 to 14,901 square feet. 

There are now two smoke pipes instead of one, and they are 
90 feet in height above grates. 

A new screw Ig feet diameter and 20.5 feet pitch was sub- 
stituted for the former one 17.5 feet diameter and 25.5 feet pitch, 
so that the engine now runs at 85 instead of 70 revolutions. 

A new condenser was put in, increasing the condensing sur- 
face from 5,490 to 7,500 square feet, and centrifugal circulating 
pumps substituted for the reciprocating ones. 

On a measured mile trial the speed was upward of half a knot 
more than with the former machinery before the ship was 
lengthened, although the displacement has been considerably 
increased. This is the third set of engines that has been put in 
this steamer, her first ones having been compound, and the re- 
sult of similar trials with the three sets of machinery were: 


BANC. <cccceve secees coe cee covcce Compound. ‘First, Triple-Ex. | Second, Triple-Ex. 
Displacement, tons...... se«+s. 4.700. 5,090. 6,466. 
PROC I aincs stdsceess ote 69.5 70. 85.5 

TUN I eetiia psi: vlna cis akcution 4 340. 4.532. 6,071. 
SRNR, ROO. Finces viccacesen 15.25 15.93 16.52 


Danube.—A steamer built by James and George Thomson for 
the Royal Mail Line, for service between Southampton, England, 
and the River Platte, has recently completed her trials. Her 
length over all is 435 feet, length between perpendiculars 420 
feet, beam 52 feet, molded depth 35.4 feet, gross register tonnage 
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6,050, and at a mean draught of 21 feet has a displacement of 
8,000 tons. 

Her engines are of the usual inverted direct-acting triple-ex- 
pansion type, with cylinders 38, 60 and 94 inches diameter and 
66 inches stroke of pistons, designed for 8,000 indicated horse 
power on about goo feet piston speed. The engine framing and 
bed plates are of cast iron, the tunnel shaft of wrought iron, and 
the other shafting of Vickers’ steel, 19 inches in diameter. The 
air and circulating pumps are worked from the high and low- 
pressure crossheads. She has four double-ended boilers, 15 feet 
in diameter and 1g feet long, working under a pressure of 160 
pounds; they each contain eight furnaces 39 inches in diameter 
and 6 feet 6 inches long, the total grate surface being 650, and 
the heating surface 17,300 square feet. There is, besides, a 
donkey boiler for supplying the auxiliaries. 

On her official trial on the measured mile, she made an aver- 
age speed of 17.42 knots, the detailed results of each run being: 


Pressure. Revolutions. LH.P. Speed. 
Ist, ‘ ‘ , 145 82.3 7,532 18.75 
2d, , ; ‘ 150 82.1 7,488 16.00 
3d, d : ; 150 83.8 7,780 18.48 
4th, , ‘ R 155 83.9 7,971 16.67 
5th, : ‘ : 155 83.9 7,941 18.18 © 
6th, , ‘ 150 83.3 7,828 16.98 


She is a sister of the Vz/e, which was described in Volume V. 

Seine and Thames.—Two light draught, twin-screw steamers, 
belonging to the London and Brighton railway and the Com- 
pagnie des Chemins de Fer de l'Ouest, engaged in service 
between Dieppe, France, and Newhaven, England. They were 
built at Havre by the Forges et Chantiers de la Meditarranée, 
under guarantee that the average speed for the run should not be 
less than 21 knots, including the time lost in slowing down and 
in getting headway on entering and leaving port. The Sezne, 
which was the first one built, was allowed 3} hours for the trip, 
but made it in 3 hours and g minutes; the Ziames was allowed 
3 hours and 20 minutes and made it in 3 hours and 3 minutes. 
The hulls of both are alike, and of the following dimensions : 











636 MERCHANT STEAMERS. 


Length over all, feet, R : 269 
Beam, feet, ; ‘ , ‘ R : 29.53 
Depth, feet, ; ; ; 15.1 
Draught, amidships, feet. . , 8.33 
aft, feet ; , ; 9.19 
Displacement, tons, . : : ; . 1,020 


The engines are of the vertical triple-expansion type and are 
alike in each vessel. Owing to the limited draught of water, 
the screw propellers, which are g feet in diameter are partly out 
of water, and are said to work satisfactorily even at the highest 
speed. The See has six cylindrical return tubular boilers, 
working at a pressure of 155 pounds; they contain 336 square 
feet of grate and 9,720 of heating surface, and furnish steam for 
4,000 I.H.P. On the 7hames there are twelve Belleville boilers 
working at a pressure of 242 pounds, containing 374 square feet 
of grate and 11,000 of heating surface, and the I.H.P. is about 
4,500. 

Both vessels are, of course, built of steel, subdivided into 
water-tight compartments, and are fitted with ample accommo- 
dation for 700 passengers. 

A third vessel building by Denny Brothers for the same line 
was launched in April, but broke down on her trial about two 
months ago. 

Duke of York.—A twin-screw steamer built by Denny Broth- 
ers, of Dumbarton, for the London and Northwestern Railway 
Company. She is 310 feet long on the water line, 37 feet beam, 
and 17 feet deep, and is intended chiefly for passenger traffic, 
there being sleeping accommodations for 230 first-class passen- 
gers. 

The engines are of the triple-expansion type, with cylinders 
23, 354 and 53 inches diameter by 33 inches stroke, and steam 
is furnished by two double-ended boilers working under forced 
draft on the closed fire room system. On her acceptance trial, 
with 4 inch air pressure in the fire rooms, the speed was 19.06 
knots. 

La Marguerite—A paddle-wheel steamer built by the Fair- 























MERCHANT STEAMERS. 637 


field Shipbuilding and Engineering Company, to run between 
London and Boulogne. Her dimensions are: 


Length between perpendiculars, feet, . j 330 
Beam, moulded, feet, . : ; ‘ ° 40 
over guards, feet, . R , 73 
Depth, moulded, feet, . , ‘ ‘ ; 21.5 
Gross tonnage, . , i ; ‘ . 2,205 
Draught, mean, feet, . ‘ : ; 8.90 
Displacement, tons, . F . , . 1,868 


The hull is of steel, and is divided into eleven water-tight com- 
partments, special attention having been given to strength and 
rigidity on account of the character of the service she has to 
perform. To facilitate the manceuvring in port a bow rudder 
has been fitted, and this takes the form of the run of the boat. 
It is operated by screw-steering gear fitted on the upper deck 
- and worked with the usual wheel. A simple locking arrange- 
ment is fitted for keeping it in normal position when the vessel 
is driving ahead. The after rudder is of large area, and is fitted 
with steam steering gear, placed in the engine room and operat- 
ing the tiller head by chain gear. Steam capstan forward and 
aft and windlass forward enable the ship to be easily warped up 
against the piers, and the telegraph arrangements from the cap- 
tain’s bridge are very complete, so that all the navigating appli- 
ances are of the modern type. 

The vessel has four decks, the promenade, upper, main and 
lower decks. The rooms on the lower deck occupy the full 
width of the ship, and large square windows pierce the shell 
plating. To conserve the strength, these square spaces are 
divided into four windows. In the case of each alternate 
window the lower sashes open inwards on vertical axes, and in 
the center frame is fitted a lock, so arranged that the turning of 
the handle locks both windows. The two upper sashes fold 
downwards, and are guided on racks. These windows are con- 
siderably above the water line, and can, therefore, be opened 
even in the Channel. The lower deck is lighted by large cir- 
cular port-holes, also fitted above the water line, so that no arti- 
43 
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ficial light need be resorted to. There are many ventilating 
shafts from the deck above. 

The promenade deck extends three-fourths of the ship’s 
length, and is without obstruction, except the wheel-house and 
chart room, which form a center support for the captain’s bridge. 
On this bridge are telegraphs, gongs and speaking tubes, en- 
abling the captain to communicate orders to the engineer, and 
forward and aft, so that he has absolute control of the ship, and 
this, with the fore and aft rudder, makes it easy to steer the 
vessel stern first out of Boulogne between the long wooden 
jetties which protect the inner harbor. 

The engines are compound, with two cylinders 56 and 110 
inches diameter and 6 feet stroke, placed in an inclined position 
and working on a two-throw crankshaft. With the exception 
of the cylinders, which are of cast iron, the engines are entirely 
of forged and cast steel. The pistons have phosphor bronze 
packing with coach springs, while the piston valve to the high- 
pressure cylinder has Buckley’s packing. The high-pressure 
cylinder piston valve is placed on the outside of the cylinder, and 
the slide valve of the low-pressure cylinder between the two cy]l- 
inders, both operated by the usual double eccentric and link 
motion. The piston and connecting rods have a diameter of 10 
inches. The crankshaft is in two pieces, which are interchange- 
able. The diameter is 20} inches, as is also that of the paddle- 
wheel shafts, the connection being by flanged couplings. The 
paddle wheels have an over-all diameter of 22.54 feet, and the 
floats, which are curved, and on the feathering principle, are 13 
feet long. They are constructed entirely of steel. The con- 
denser is made of galvanized steel, and is ¢ylindrical. It is 
placed athwartship under the engines, and between the cylin- 
ders and the cast-steel brackets for the shafting. The water is 
supplied to the condenser by a centrifugal pump, driven by two 
engines, each of which is capable of doing the maximum work. 
This pump is arranged to draw from the bilge in the event of a 
serious leak. The air pumps are driven by a lever connected by 
links to the low-pressure crosshead. There are two air pumps, 
as well as two bilge pumps and two sanitary pumps. To the 
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crankpins, crossheads, ahead guides, and main bearings the 
Axiom” lubricator is fitted, grease being used, not oil, while 
the astern guides are fitted with stationary tubes on the same 
plan. 

Two boilers are fitted forward and two abaft the engine com- 
partments, so that the machinery is spread over three compart- 
ments, and occupies nearly one-third of the length of the ves- 
sel. The boilers are of the ordinary double-ended return-tube 
type, and are 14.5 feet in diameter by 18.75 feet long, each with 
six furnaces about 44 inches in diameter. There is a common 
combustion chamber to each pair of furnaces. The boilers are 
worked under a system of assisted draft, the stokeholds being 
open, with large ventilating shafts. There are also on board 
four double inlet fans 6 feet in diameter, driven by triple-expan- 
sion engines on the single-acting system. The boilers are fed 
by two of Weir’s special engines. Fitted on the main and aux- 
iliary pipes is a feed filter and feed heater. There are two sep- 
arate smoke-pipes, the diameter being 10 feet, and the height 
from the furnace bars 60 feet. The boilers work under a pres- 
sure of 140 pounds to the square inch. 

The vessel is thoroughly lighted by electricity. A vertical 
high-speed Robey engine with a g$-inch cylinder and g-inch 
stroke, having ordinary slide valve and a Pickering governor, is 
coupled direct to the armature of an ordinary inverted U-type 
dynamo, capable of running 360 lights at 250 revolutions, the 
electromotive force being 100 volts. The number of lights in 
the ship is 300. A special feature of the installation is the 
arrangement whereby any defect can be localized and joints re- 
paired without inconvenience or damaging the woodwork of 
saloons, &c. The dynamo is in the engine room, and from it 
the electric current is led to a switchboard on the engineer’s 
platform, whence the current is distributed to omnibus bars in 
various parts of the ship—on the lower deck aft, lower deck for- 
ward, main deck aft, main deck forward, upper saloon aft, and 
the machinery compartments and amidships. There is a fuse, 
and a switch ona slate base, and two wires led from the omnibus 
bar to each lamp, so that the only joints are at the lamp and at 
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the distributing centers. The navigating lights are electric, and 
on the bridge are two incandescent light projectors, with Edison- 
Swan double filament lamps for lighting the passenger gang- 
ways. 

When tried on the Clyde, her mean speed for six runs on the 
mile was 21} knots, which was made with 56 revolutions of the 
engines, the indicated horse power being about 8,000. 

Neptune and Mercury.—Two paddle-wheel steamers built by 
Napier, Shanks and Bell, for the Glasgow and Southwestern 
Railway Company, and engined by David Rowan and Son, 
Glasgow, were recently tried on the Clyde. Their dimensions are : 


Length, feet, : . ; : ; 5‘ 220 
Beam, feet, . , : : , : : 26 
Depth, feet, . ; P ‘ ‘ ‘ , 9.5 


The requirement for their trial was that they should maintain 
a speed of 17.75 knots for four hours; the Veptune made 18, and 
the Mercury 18.44. The speed of the latter was made with an 
air pressure of 1.3 inches of water in the fire room, the steam 
pressure being 115 pounds, the revolutions of the engines 57 
per minute, and the indicated horse power about 2,000. 

The engines are of the diagonal, compound, direct-acting type, 
with the cylinders placed side by side under the main deck. 
The cylinders work on two cranks set at an angle of 90 degrees. 
The high-pressure cylinder is 33 inches and the low-pressure 
cylinder 62 inches, both being adapted for a stroke of 5 feet. 
To insure the maximum of strength with the minimum of weight, 
steel and gun-metal have been used where practicable. . The en- 
tablature for supporting the crankshaft, etc., is made of cast steel 
bolted to fore-and-aft cast-steel girders fastened down to the ship. 
The cylinders are bolted to these cast-steel girders, as well as to 
the engine seat, and the thrust of each piston is taken up by two 
main stays of ingot steel bolted tothe main bearings at one endand 
tothe cylinders at the otherend. These stays also form guides for 
the piston rods. Each cylinder is fitted with a flat side valve 
worked by the usual double eccentric and link motion, and re- 
versed by a direct-acting steam reversing engine placed in a con- 
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venient position below. The crankshaft is built of mild steel, 
and the paddle shafts and piston rods of the same material. A 
supply of circulating water is obtained from a gun-metal centri- 
fugal circulating pump. 

Steam is supplied by two boilers of the gunboat type. They 
are 9.5 feet in diameter by 18.5 feet long, designed for a working 
pressure of 115 pounds to the square inch. Each boiler has 
three furnaces, with Fox’s corrugated flues. The arrangements 
admit of the boilers being worked under forced draft on the 
closed fire room system. Air is supplied to the furnaces by two 
large fans, each driven by an independent engine, each fan being 
capable of supplying the air necessary for the proper combustion 
of the fuel. The fans and engines are placed on the main deck 
beside the steam steering gear, which is forward of the engines; 
these fans and gear are always under the eye and within the 
control of the engineer on the starting platform. 

They are provided with the usual independent feed and aux- 
iliary pumps, and with evaporators for making up the loss of 
feed water for the boilers. 

Special provision has been made for preventing loss of life in 
case of accident. The deck seats upon the promenade deck are 
fitted with water-tight copper buoyancy tanks below the seats, 
and provided with life-lines, and are so constructed that if thrown 
into the water each seat rights itself, and is certified by the 
Board of Trade to have a sufficient buoyancy to support twenty 
persons. In addition there are, of course, the statutory number of 
life jackets, lifebuoys,with two boats fitted with copper tanks, etc. 

Slieve Bearnagh—A paddle wheel steamer, similar to the 
preceding one, built by James and George Thomson, Clydebank, 
for the Belfast and County Down Railway Company, recently 
completed her trials with satisfactory results, making nearly 18 
knots on the measured mile, and upwards of 17 for a continuous 
run of four hours. Her dimensions are: 


Length, feet, . : ; : : ‘ : 225 
Breadth, moulded, feet, ; , ; ; 26 
over guards, feet, . ; ; , 54 


Tonnage, gross, . : . : , ; 383 
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She is of exceptional strength throughout. There are nine 
water-tight compartments, constructed in accordance with the 
recommendations of the Bulkhead Committee, and the vessel is 
practically unsinkable even with two adjacent spaces bilged. 
There is also a very complete outfit of buoyant deck seats, and 
other life-saving appliances. The engines are of the compound 
diagonal surface-condensing type, and are supplied with steam 
by a double-ended boiler of the ordinary marine type. 

Proposed Steamers for the Canadian Atlantic Service-—Tenders 
were invited in June for the construction of four fast steamers 
for this service, but contracts have not yet been awarded. They 
are to be of approximately the following dimensions : 


Length, over all, feet, . ‘ ; : ‘ 572 
Beam, feet, : : ; : ; : ; 62 
Depth, moulded, feet, . , ; : 42 
Draught, extreme, feet, ; . : : 30 


The engines will be of the twin-screw quadruple-expansion 
type, with four cranks each, and will be of about 21,000 horse 
power collectively, or of sufficient power to maintain a speed of 
21 knots across the Atlantic. They will have bunkers for 
3,000 tons of coal, and a cargo capacity for 3,500 tons, besides 
which there will be accommodations for 300 first-class, 200 
second class and 1,000 steerage passengers. 

Their construction is conditional on the granting of a subsidy 
of $750,000 a year by the Canadian Government. 

Aberdeen —A steamer built by Fleming and Ferguson for the 
Canadian government, and intended for use in the protection of 
the fisheries. She is 187 feet long, 31 feet beam and 19.25 feet 
deep. Her engines, which are of about 1,500 I.H.P., are of the 
quadruple-expansion type, with cylinders 18, 24, 35 and 54 inches 
diameter by 36 inches stroke, designed for a working pressure 
of 220 pounds per square inch. The most interesting feature of 
her construction, from an engineering point of view, is the fitting 
of water-tube boilers. She has two of the Fleming and Fergu- 
son type, described and illustrated on page 358 of the last num- 
ber of the JOURNAL. 











MERCHANT STEAMERS. 643 


Miowera—A single-screw steamer, built by C. S. Swan and 
Hunter, Wallsend-on-Tyne, recently completed her trial, making 
a speed of 17 knots. She is 357 feet long, 42.25 beam and 28 
deep. Her engines are 33, 53 and 85 inches diameter by 54 inches 
stroke, and are supplied with steam at 165 pounds pressure from 
four cylindrical boilers working on Howden’s system of forced 
draft. 

Caledonia.—A Peninsular and Oriental steamer, built by Caird 
and Co. Her dimensions are: Length, 486 feet ; beam, 54 feet ; 
depth, 37.5, and of 7,600 tons gross. She will have a single- 
screw, triple-expansion engines, with five cylinders, the I.H.P. of 
which will be 12,000. She will have a high rate of speed, and 
be superior in finish and appointments to any of the steamers of 
this fleet. 
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Formosa.—A brief mention was made of this yacht in the last 
number of the JouRNAL, since which time she has been tried 
with satisfactory results. Her engine was built by the Atlantic 
Works, East Boston, and has cylinders 133, 21 and 34 inches 
diameter by 22 inches stroke; the air pump is attached to the 
main engine, but the circulating pump is independent. She has 
two Almy boilers containing 62 square feet of grate and 2,394 
of heating. surface, arranged for working under forced draft on 
the closed fire room system. These two boilers measure 6.86 
feet in length over casings, 13.75 in width, and 7.33 in height 
to the base of smoke-pipe hoods, and weigh 35,300 pounds 
empty and 38,500 pounds with water. The screw propeller is 7 
feet 8 inches diameter and 9g feet 6 inches pitch. 

The official trial of the yacht was of two hours duration under 
forced draft, burning anthracite coal with an air pressure of 1.62 
inches of water in the fire room. Diagrams were taken from 
the cylinders of the main engine every ten minutes, and the 
average I.H.P. was 804, the main engine making 181.8 revolu- 
tions per minute. The revolutions of the blower engine were 
700 per minute. 

Zoraide.—A twin-screw steel yacht, built by Earle’s Shipbuild- 
ing Company, Hull, England, from the designs of Mr. St. Clare 
J. Byrne. She has two masts with fore-and-aft sail only, and is 
of the following dimensions: Length on water line 162 feet; 
breadth, moulded, 27 feet; depth, moulded, 17.5 feet; yacht 
measurement 550 tons. Her engines are of the triple-expansion 
type, and work at a pressure of 175 pounds, steam being supplied 
by two cylindrical boilers. She has a square stern and a curved 
stem, a flush upper deck and topgallant forecastle, and a com- 
plete lower deck forward and aft of the boilers and engines. On 
the upper deck is a range of deckhouses containing a drawing- 
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room, vestibule and entrance to sleeping cabins, dining room, 
pantry, galleys, engine and boiler casings, and captain’s room. 
The space on the lower deck aft is fitted up with the owner’s 
sleeping cabins, bathrooms, etc., as also is the after part of the 
forward ’tween-decks. The passages, vestibules, dining-room 
and drawing-room are all panelled in solid oak and polished; 
and the officers’ and crew’s quarters are comfortably furnished 
in the forward ’tween-decks. A water ballast tank is fitted aft 
for trimming purposes. 

Ellida.—A yacht built by Ramage and Ferguson, Leith, Scot- 
land, for Mr. James Currie. She is 152 feet long, 22 feet beam, 
13.5 feet deep, and 350 tons yacht measurement. Her engine is 
of about 600 I.H.P., and has cylinders 14, 22 and 36 inches di- 
ameter by 27 inches stroke, designed for a working pressure of 
160 pounds. She has one large cylindrical boiler. 
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DICTIONARY OF ELECTRICAL WorDs, TERMS AND PHRASES.— 
By Proressor Epwin J. Houston. Tuirp Epirion. New York: 
W. J. Johnston Co., 253 Broadway. Price, $5.00. 

The third edition of this admirable work brings the subject 
fully up to the state of electrical science in 1894. The rapid 
growth of electrical engineering has brought into common use 
many words and phrases, the meaning of which is not thor- 
oughly understood by many people who use them, which makes 
this dictionary of value to the general public, and of inestimable 
worth to the engineer, scholar and student. It is profusely illus- 
trated, and the definitions, though concise, are accompanied with 
abundant examples, unabridged. Besides the electrical terms, it 
includes a sufficient number of definitions in the mechanic arts, 
and in mechanical and civil engineering to cover the entire field 
of electrical engineering. 

The third edition is nearly one-fourth larger than the preced- 
ing one, and contains 582 illustrations. It is an octavo edition, 
double columns, bound in cloth, and presents a handsome ap- 
pearance. 

ELectriciry One Hunprep YEARS Aco anp To-Day.—By 
Epwin J. Housron, Pu. D. New York: The W. J. Johnston 
Company, 253 Broadway. Price, $1 00. 

This little book of 199 pages traces the history of electrical 
science from its birth to the present day, and is the result of 
much research on the part of the author. It is written in an 
agreeable style, much of the subject-matter having been embod- 
ied in a lecture delivered before the electrical section of the 


Brooklyn Institute, to which have been added copious foot-notes 


giving more detailed information regarding the particular discov- 
ery referred to. Aside from the value of the historical matter 
contained in the book, there is much information to be derived 
from it. 





